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ConcHrrenl  rMof Htlon  adopted  by  the  Senate,  July  32,  189S,  and  bg  Iht  Hmte  of  Reprt- 
$mUtlira,  Anguit  H,  189S. 
RMoIvedbjf  the  Senate  (the  Ho»»«  of  Repreeenlaiieet  conourring),  That  there  beprintMl 
of  the  Rfl}>ort«  of  the  Smithsonian  tnfltitntioD  aad  of  the  National  Hoaeam  for  the 
year  ending  June  30,  1891,  in  two  octavo  Tolumea,  10,000  extra  oopies;  of  irhich 
1,000  copiea  ahull  be  for  the  nse  of  the  Senate,  2,000  copies  for  the  use  of  the  Honse 
of  Repreaentstivea,  5,000  copies  for  the  use  of  the  Smithsonian  Institation,  and  2,000 
copies  for  the  oae  of  the  National  Unsenm, 
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SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 

ACCOMPAKYINli 

The  annual  report  of  the  Board  of  Regentt  of  the  In»titution  to  the  end  of 
June,  1891. 


Smithsonian  Institution, 
Wathington,  D.  C.,Jv.ly  1, 1S91. 
To  th^  Congress  of  ike  United  States: 

In  accordance  with  eectioii  5593  of  the  Bevised  Statntes  of  the  United 
States,  I  have  tbe  honor,  in  behalf  of  the  Board  of  Regents,  to  sabmit 
to  CoDgress  the  animal  report  ofthe  operations,  expenditares,  and  con- 
dition of  the  Smithsonian  Institution  for  tbe  year  ending  Jane  30, 1891. 
I  have  the  honor  to  be,  very  respectftally,  yoar  obedient  servant, 
a.  p.  Langlev, 
Secretary  of  Smithsonian  Institution. 
Hon.  Levi  P.  Moeton, 

President  of  the  Senate. 
Hon.  TH03IAS  B.  Reed, 

Speaker  of  the  House  of  Representatives. 
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EEGEKT3  OP  THE  SMITHSONIAN  DrSTITimON. 


By  the  organiziDg  act  approved  Angaat  10, 1846  (Revised  Statatea, 
Title  T-TTtti,  section  5580),  "  The  bnsiness  of  the  InstitatioD  shall  be 
condDCted  at  the  city  of  Washington  by  a  Board  of  Begents,  oamed 
the  Eegents  of  the  Smithsonian  Institution,  to  becomposedof  the  Vice- 
President,  the  Cbief-Jnstice  of  the  United  States  [and  the  Governor  of 
the  District  of  Colombia],  three  members  of  the  Senate,  and  three  mem- 
bers of  the  House  of  Bepreaentatives,  together  with  six  other  persons, 
otner  than  members  of  Congress,  two  of  whom  shall  be  resident  in  the 
city  of  Washington,  and  the  other  four  shall  be  inhabitaots  of  aome 
State,  but  no  two  of  the  same  State." 


BEGEXTS  FOR  THE  TEAS  ISSl. 

Tko  Clii«'f-JMli«*  of  «-*  I'n'f*  S»»«"  ■ 

JlELVILl-E  W.  Fl'LLER,  HK'tetlChMKTllM.  u»d  PwBideatof  theBo«id  Jan. 
nwy  9,  !*«♦. 

Tb«  Vin-Piwiid^ut  ot  th»  fiut«i  St«(« : 
LEVI  H.  lH'KroN- 

IIvriN  S    ili'KKILL  npp"tDt*dFebni»rT31,  l«0) Mu.  3;  It91. 

■*1IE[  BYM  cILLOMiapP"''"*"'*'*"''^"*'""**''"--*-^***-*'"-*-  1886. 
icANI'  ^LL  U  GIB;**  t>  ,app«int«i  Det.  W.  18»7.  msd  Mm.  ••».  !*«>.. SLw.  3.  IWB. 

m.\.IVMIN   HI  TTKBWoRTin.»pp.>intMJanaai7B.  Vi»}> D«:.  2(,  D»l, 

Y  <   iH'iT  Lutitit  i»pp'>ii>f*'l-'»'""'y  ••■ '''^'' Dee.  2J,  law, 

V  (  nl-l'f-E.  ,if  P^nonylvnniaiflrttappointeJ  JiUl,t9.1i*74>,Dm!.3e.  l»l. 
t  II  »M.f'  I.I.,  .ifMiiliiK-Ti  1M«  appiiinteil  Jan.  W,  lW<7>..Jan.  19.  tSW. 
[.-W  I.   \\  lilTK. '■•'^''OV-.rk  ilintapputnteiiFeb.  U.ltWi.Feb.  15^  imt. 


,     «1.I.I.1N-"    (lr«.  >!')>"*'"""  M^tv  13.  IJ-W) KayaS-tSW. 


I  of  till-  Baaril  •>/  Rajmla. 

Ksiiv  C.itrrtK.    MoBTUoMMT  t 
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JOURNAL  OF  PROCEEDINGS  OF  THE  BOARD  OF  REGENTS  OF  THE  SMITH- 
SONIAN INSTITUTION. 


Smithsonian  Institution, 
Washington,  January  28^  1891. 

Ib  accordance  with  a  resolation  of  the  Board  of  Regents  of  tbe  Stiiitb- 
aonian  Institution,  fixing  tbe  time  of  tbe  beglDiiiug  of  tlie  annual  nes- 
stou  on  the  fourth*  Wednesday  of  January  iu  each  year,  tlie  Board  met 
to-day  at  10  o'clock  A.  M. 

Present,  Chief-Justice  Fullee,  Cbaucellor  of  the  Inetitotion,  Hon. 
J.  8.  MoBBlLL,  Eon.  S.  U.  Cullom,  Hon.  B.  L.  Gibson,  Hon.  H.  0. 
Lodge.  Hod.  Joseph  Wheeleb,  Dr.  Henby  Coppee,  Dr.  James 
C.  Wellino,  Gen.  M  .  C.  Meigs,  Dr.  Andrew  D.  White,  and  tbe 
Secretary. 

The  miiiutes  of  the  last  meeting  (January  8, 1890)  were  read  and 
approved. 

A  letter  from  Dr.  J.  B.  Angell  was  read,  stating  the  reasons  for 
bia  absence  from  the  meeting. 

The  Secretary  informed  tbe  Board  that  the  following  resolation  had 
been  passed  by  Congress  and  approved  May  22, 1S90: 


Resolved  bg  tke  Senate  and  House  of  Hepregentatires  of  the  United 
States  of  America  in  Congress  assembled,  That  tbe  vacancies  in  the  Board 
of  Kegents  of  the  Smithsonian  Institution,  of  the  class  other  than  mem- 
bers of  Congress,  shall  be  fliled  by  tbe  appointment  of  Charles  Devens, 
of  Massachusetts^  in  place  of  Noah  Porter,  of  Connecticut,  resigned ; 
and  by  the  appointment  of  James  C  Welling,  of  Washington  City, 
whose  term  of  office  has  expired. 

Approved,  May  22,  1890. 

The  Secretary  read  a  letter  from  Judge  Devens,  September  20, 1890, 
declining  the  honor  of  the  position  of  one  of  ttie  Regents  of  the  Smith- 
sonian Institation,  on  account  of  a  provision  in  tbe  constitutioii  of  the 
State  of  Massachusetts,  that  "  Justices  of  the  supreme  judicial  court 

*B«eolDtlon  of  the  Board,  January  8,  189a    _  ,  l;  CtOOqIc 


^tf":;!!^  •  'lOutiHa-r-Hk-rJi  AxZ  ir^  jr'udiu!.j><iti«;ttM«'«4Acc  w  tvcnve 
aa-j   >itSMi*a  *c  viiit^  &*.ab  jult  ijCi^tf  Su^it-  )?<'T«nLiDrat.  <ir  power 

J  uCr*  Imt^^uh-  vaaufi  luii  T-tPH-  n  ir>i  inx  ttj*  joo«t»j«  of  law  "  it 

w-jrii  ':Att  SM9!>n'*  tji:  "lie  .'>:r;»<L.uy  ic  i^-e  wi=izi.<rkiias  fiftbis  great 

T^  iwRxriiuj  K^'.^  V'  iMUc-ard  iLa:  »ax<#-  iLe  nv<i;-t  of  this  decU- 
locina  3it  mpWTJt^  V/  jcLZf-.-'iiy*  iL#  d«kt&  of  Ja-i^  Dcvtsc  TCty  md- 

>^l:(«1  i2.-^  a£^3^  nfmn  vf  tb«  execotiTe 
» .^ri.  June.  ISW. 
On  I 

fjtt  au,o-i-.  ;cj»-  iO/»T:^  re»^Hli"a  was  xlc^rd: 

£<«>->•!><.  Tii*E  -li*  iijfrt-ajt^  t4  lb*  Iii*tirar..ni  for  tbe  fiscal  year  end- 
cz  J;ii*->»-  l^Stt  V  a[<;>r>ij.riar««i  f**  the  **rTk*  of  the  Insdtnticii, to 
I*  <t-i(n»T.'>»I  >T  it,*;^  B**T*<arj'.  wiiji  til*-  adrW  of  i!i«  eie^aOve  cwn- 
m-rxttt.  ):;><»  ;.-.<r  Tnks*  <^  thf  «;-'rat:ori-t  describe  in  the  last  anT^gwl 
rep^xt  'ff  tat-i  r**Lm:;tee.  wi:h  fiiJI  di.-^Tetk>a  <>n  liie  [art  of  the  Secre- 
tary a*  tf^  :■*«*  frf  exp«>'!:rru>i*  wniierly  fjllio;:  under  each  of  the 
head*  f^^iraned  in  the  e)>t^U>h<rd  <»ndnci  of  (he  lo^titDticHt. 

J*t>tftj/r  'Wt:UiBs.tm  the  pan  of  thtr  ExevatiTe  Conuuittee. stated  that 
bft  bad  a  wsw'fliri'iQ  to  introdm-e.  wliirh  he  d»-sired  to  prcfice  by  a  few 
tvm^irt-. 

Tbtr  rtf^rlutioii  Iff  the  comniiiit-^.  aAer  certaiu  verbal  alterations, 
wa*  wlopteal  aad  l<  a.«  foUov^: 

M-tioD  of  the  Exeontive  Comtuittee.  during  the 
authorizing  the  Swretary  of  the  Instimtioa  to 
i  of  the  Rt-;:ei]i$  in  all  matters  pertaining  to  the 
ark  is  hereby  approved,  ami  that  the  Begeats 
le  Setn«tary  of  the  Institotion  to  sign  in  their 
n  the  Unit«l  Statf."  Ttvasnry  for  the  money  ap- 
S3  for  the  National  Zoiilogical  Park,  and  to 
y  the  disbursing  officer  of  the  Smithaouian  In- 
niit-es  and  supplies  for  said  Park. 
ring  resolution  was  adopted: 
in  the  sundr)-  eivil  act.  approred  AngTist  30, 
igproTJsiou:  "  Repairs.  Smithsonian  Building: 
c»-called  cha]>el  of  the  west  wing  of  the  Smith- 
r  repairing  the  roof  of  the  main  building  and  the 
of  the  main  hall  of  the  building.  t^^.UOO,  said 
■  the  supervision  of  the  Archileot  of  the  Capitol 
J  Regents  of  the  Smithsonian  Institution,  and  no 
iatioii  to  be  used  for  skylights  in  the  roofnor  for 
the  main  building:"  Therefore, 
tcgents  of  the  Smithsonian  Institution  hereby 
f  of  the  Institution  to  sign  all  requisitions  on 
isnry  for  the  money  appropriated  by  Congress 
ktion  act,  approved  August  30, 18!»)  for  repaira, 
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Smithsonian  Bnilding,  to  approve  of  plans  submitted  by  the  Architect 
of  the  Capitol,  and  to  certify  to  all  vonchere  for  payments  by  the  Treasury 
Department  for  work  done  or  materials  furnished  for  said  repairs. 

The  Secretary  called  attention  to  an  estimate  he  had  submitted  to 
Congress  at  the  beginning  of  the  session  in  relation  to  an  astro-physical 
obs^vatory  as  follows: 

Astro-ph^Bteat  Observatory,  Smithsottian  Institution. — Maiutenance  of 
astro-pbysical  observatory,  under  the  direction  of  the  Smithsonian  In- 
BtitutioD,  within  the  limits  of  the  National  Zoological  Park,  including 
Balaries  of  assistants  and  the  purchase  of  additional  apparatus  (Sub- 
mitted), $10,000. 

Note. — An  astro-physical  observatory  and  laboratory  exists  now 
under  every  considerable  civilized  government  but  that  of  the  United 
States  which  has  none^  except  that  tlie  Institution  commenced  one  on 
the  most  modest  scale  m  1888,  which  now  occupies  a  temporary  strao- 
tnre  on  the  grounds  south  of  the  Smithsonian  building.  Private  citi- 
zens have  subscribed  $10,000  for  an  astro-physical  observatory  under 
the  charge  of  tlie  Regents,  in  the  hope  tbat  Congress  would  maintain 
it,  and  the  Smithsonian  Institution  proposes,  in  this  case,  to  contribute 
the  most  recent  apparatus  to  the  value  of  $5,000  more. 

The  sum  now  askeil  is  to  be  applied  to  the  completion  of  the  plant 
and  to  pay  the  current  expenses,  including  the  salaries  of  three  assist- 
ants, to  be  engaged  in  researches  of  great  scientific  and  economic  value, 
wholly  distinct  in  apparatus,  methods,  and  objects  from  the  quite 
otherwise  impoitant  ones  of  those  of  the  U.  B.  Naval  Observatory. 

It  seems  proper  to  state  that  the  present  appropriation  is  not  asked 
for  as  an  introduction  to  a  larger  one  later,  but  tbat  owing  to  the  scale 
on  which  it  is  proi>osed  to  found  and  maintain  this  small  establish- 
ment^ no  larger  appropriation  is  contemplated  as  necessary  for  many 
years  at  least. 

He  stated  that  if  Congress  saw  fit  to  make  the  appropriation  asked 
for,  even  if  it  did  not  set  apart  a  site  iu  the  Zoological  Park  for  the 
observatory,  it  would  be  desirable  for  the  Board  of  Regents  to  take 
action  in  accordance  with  the  snggestions  made  in  his  estimates  and 
annual  report. 

On  motion,  it  was — 

Reaoleed,  That  if  an  appropriation  sbonld  be  made  by  Congress  for 
the  maintenance  of  an  astro-physical  observatory  under  the  direction 
of  the  Smithsonian  Institution,  the  Regents  will  expend  for  this  pur- 
pose from  money  already  donated  to  them  $10,000  for  the  construction 
of  buildings  for  said  observatory  whenever  a  suitable  site  shall  be  desig- 
nated by  Congress  and  obtained  for  the  purpose,  and  will  present  to  it 
BQitable  apparatus  of  the  most  recent  construction,  now  iu  their  charge, 
to  the  value  of  not  less  than  $5,000. 

The  secretary  stated  tbat  tbe  following  bill  had  been  passed  in  the 
Senate  of  the  United  States  on  the  5th  of  April,  1S90 : 
AN  ACT  to  provide  for  the 

Be  it  enacted  hy  the  Senate  and  Soiiae  of  B^n-eaentafives  of  tbe  United 
States  of  America  in  Congresi  tuHemhled,  Tbat  for  an  additional  fire- 
proof building  for  the  use  of  the  National  Museum,  three  hundred  feet 
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vrtAOf  ArcaiaoK  -t^  sib^  Tr«»4ir7'.  sailtr  E^«  £r«AMa  af  the  BegentH 
•i€  ::&^  ^widbtmiua  Iasti;:TUi»a-  bi  stner^  w  i  m  J  mm  i  vith  pbos  now 
«a  lli^  w—^  -Ax  Cumm^rztt^ %a.  P-i'"'^-  E-TiItLn£f  amAGnmadA  ca  tbe 

-i^nv  -ijttkl  St  t;pcf^rr:K*ii.  ••'lz  m'  as^v  iM.-ttfT«  a.  ibe  Ti«awy  not 
•icibavDo^  ^or-rrsKiM.  ;ii>^  -um  ^^^  iv^  -i-t^biT**!  skMuaad  doflara; 

Sn-'.-iiff  jfini  «t>fl-<r'i**»ti  A«  fiu  as  p««'~3f^-fe.  Af>!T  pn^ivT  adTertiae- 
(ber.  *ati  t^  cxsobirrxcv^  St  :'£•>  ^fcrpfff^  ^loai  Mrn^nmril  shall  be 


TW  CtMB3iiT»«  <.>a  Pxror  Ra  V'*  f*  =l  line  H  '<icuc-.'<r  Be^vwatatJTCS 
hai  aHU«  oe  :hi«  ^a  of  Ja^.-s^tt-.  ItI^I.  *  ix-riacat  vefxt  •■  this  bOl, 

TVr  O'QUKirw^  *n  Prror  R-f  ">'  -■  "^  tati  Oj-wojis.  m  vfcii^  ns  re- 
tffeCTvti  la*  N.Z  S.  iT-l*  i>c  saw-  «mf:^'«  rf  »a.  k3ir3><Bk  fatyaf  fasOd- 
'.T £  JVC  ;>»  $aa»<aik  Mii^«B^  uLiaw:  ~'itf  ?  Ct  "vrxr  rn«ri: 

It  natf  a^  ^  ^«Mv<i  -At*:  n  vrtf-v  -if  ai»:T:z^£  a  isr^  <-BaMitTof 
\'><iT  <\>atii:n«»  '.teor&'ciF   TK^'mmori  t.m  70i*tsu>(  ■'(T  ihe  fafll  as 


^K;  I  l^xif  :>y  htni:  '■■  '.*«  ':vi  .tv  -  a  ,-f—t  i.  .-'iT.sfWTaCKttsa 

T^VOLIfttKil^ym  7,-  V  -  .1  iTY**  ;  Ut,;  taw  iiwnx-;  H*«-r«yCT  lie  Tij*  7 

A  j>N  «7iT\'n>.>  r,i.l  -.^tT.ii  c  lilt-  .f  •;•>*-.,  i^-w  M.^'.^  i-^  hK' already 

)<M«  i^n^tftTwi.  ji''^  ^  f  T  :T-<r<!^>L  7d.t,-.  :it--tf  ^^  l  :im  jinniwwrMMi  of 
y.-«;-  fNtw."  ■?«.  T"";  1.1  ••  :«p-i  -;o"T.:.-^>,-.  T  I  iin-  l=u><m  cai*  and 
•x-  .r.-^-:  Vi.(  -^•vr^->  ..:  t\:i.t^~  ■•  >.-!.;.  .  i  i  .  i  i.it-  «  -«.ifd  «vw 
^•■(•-h^  ^— i.>v  .'•:  '."I  ->;»■■;■  ■■:  !«  Iwis:  in  O"  i  ■■  i.-*-un.  iiCLii;  ps  in 
V"  ■  ■  •  *  sm,  .KTivrvfc.  '1-1  ~."  L."  f  •!  1.  1  1,1.  ■■  :«rt-i.  —  (n  i  '""Ti-prM  ttd 
:■  -.ftiyrs  .-.;  Tt«»  Sir     i^u  ;t  ;•:*.- -im.,i. 

•  ■    .    .-Vi'  Ti.  I.    fc'v.l  :    ::?<-  -♦«l    iti  OK»  Swt  ««I 

■  «\ii  .'i  n,ii.  s;i*."i    fcTic  1  ir  >.'~<nuN- and  «4Bc« 
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The  proposed  bnilding  can,  I  believe,  be  constmcted  at  a  propor- 
tionately smaUer  cost.  I  am  not  prepared  to  state  tbe  exact  sum  which 
vtHild  be  necessary  for  its  completioD ;  bnt,  from  estimates  already  fnr- 
Dished  by  responsible  contractors,  I  feel  sure  that  $500,000,  if  not  suflB- 
cientto  complete  it,  would  be  all  that  would  be  required  to  be  expended 
dnnng  the  present  year,  and  I  would  earnestly  urge  the  desirability  of 
appropriating  this  amonnt  for  the  purpose  in  question. 

The  necessity  for  a  new  Museum  building  is  caused  by  the  large  in- 
crease in  the  accessions  to  the  eoller.tious.  In  1SS2,  the  first  year  of 
active  work  in  the  present  building,  the  Museum  contained  less  than 
195,000  specimens.  This  number  has  now  been  increased  to  nearly 
3,000,000  specimens,  and  th^  increase  during  the  past  eight  years  has 
been  more  than  half  as  large  again  as  duriBg  the  previous  twenty-one 
years. 

The  collections  of  the  Smithsonian  Institution  and  of  the  Oovem- 
ment  are  especially  rich  in  representations  of  the  natural  history  of 
this  country.  A  careful  estimate  made  at  the  end  of  the  last  fiscal 
year  showed  that  there  were  at  that  time  in  the  zoological  collections 
1,850,721  specimens,  in  the  botanical  collections  48,637  specimens,  in 
toe  geological  collections  106,766  specimens,  in  the  paleontological 
collections  172,540  specimens,  in  the  anthropological  collections  651,868 
specimens,  and  in  the  various  collections  illustrating  the  arts  and 
Indostries  43,540  S])ecimens.  Since  this  estimate  was  made,  it  is  prob- 
able that  more  than  50,000  specimens  of  all  kinds  have  been  received. 

The  natural -hi  story  collections  include  the  zoological  collections, 
the  botanical  collections,  and  the  geological  collections,  in  which  are 
contained  not  only  all  the  geological  and  mineralogical  specimens,  but 
also  the  greater  portion  of  the  paleontological  material,  the  study  of 
fossQ  animals  and  plants  forming  an  essential  feature  of  modem  geo- 
logical work. 

Tbe  anthropological  collections  illustrate  tbe  history  of  mankind  at 
all  periods  and  in  every  land  and  also  serve  to  explain  the  develop- 
ment of  all  human  arts  and  industries.  There  are  in  addition  consid- 
erable collections  illustrating  the  processes  and  products  of  the  various 
arts  and  industries,  as  well  as  the  historical  collections,  wtiich  are  of 
especial  interest  to  a  very  large  number  of  tbe  visitors  to  the  Museum 
on  acconntof  the  associations  of  theobjectsexhibited  with  tbe  [>ersonal 
bistory  of  representative  men  or  with  important  events  iu  the  history 
of  America. 

It  is  also  noteworthy  that  among  the  accessions  of  more  recent  years 
many  collections  of  great  extent  have  been  received.  Among  these  are 
the  bequest  of  Dr.  Isaac  Lea,  of  Philatlelpliia,  which  contains  20,000 
specimens  of  shells,  besides  minerals  and  other  objects;  tlie  Jetfrie;< 
collection  of  fossil  and  recent  shells  of  Europe,  including  40,IHH>  sped- 
Dieiia;  theStearnscollection  of  mollu8ks,nniiil)ering  100,000 specimens; 
tlieHiley  c*illection  of  insects,  cont;iJiiiug5o,iKHls[>ecimens;  the  Oatliu 
collection  of  Indian  paintings,  and  the  collection  of  tbe  American  In- 
stitute of  Mining  Engineers. 

In  addition  may  also  be  mentioned  tbe  extensive  collection  obtained 
at  the  Fisheries  Exhibitions  at  Berlin  and  London,  at  the  ><ew  Orleans 
Cottun  Centennial  Exposition,  and  at  the  Ohio  Yalley  and  Central 
States  Exposition.  To  these  may  be  addeil  the  collectioMs  recei%'t*d 
aurnally  from  U.  S.  Fish  CommisnioD,  the  Geological  Survey,  tlie 
Bureau  of  Ethnology,  and  from  many  other  Covernment  departments 
a[id  btuvaos.  These  are  very  extensive  and  are  yearly  increasing  in 
bulk  and  value. 
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1V««  t*  fu  tV-  |«r»:»iait  Mawaa  Itaildni^  no  exhibitiom  gpaxK  mvail- 

3iU^  1*K  U>«-  ni>IV«-ui«  of  tvycihx,  nollaitlu,  iiuectA.  mviae  tar^rte- 
ljr9tl*Ni.  vrrf>ifn(Xj>r  uxl  invert«t>rat«  fimKila:  aiid  theitpaceBow-aAorded 
fur  1i>^*-ibJ)^iU>«i  i<f  tb*-  ra>t  Cfileeti'fiu  «  fishtrs.  trinls' ^^  {daote — 
fowiJ  uud  rM«iit — sumI  tb^  geok*^^  eoUeitioos,  aggregating  not  lees 
Uunu  :i^4tJ0Ml  t^tefimaih.  in  eutirHy  iuadeqoate. 

iu  a  VulUr  3MLilm»w«]  iu  In^W  to  tfae  chairoua  of  the  Senate  Commit 
tw  vti  Pu)>U>;  BuiMJfigK  and  tinmndx  I  endeavored  to  demonstrate  the 
r<Mi;wkal*ie  iik-h^m;  wtiit-b  bad  characterized  the  grovtli  of  the  ctri- 
tM^ftct  iu  the  y^ti'Mial  Mnwnm,  and  I  there  stated  that  in  Uie  Ave 
fou*  b<<wMHa  i>^J  ao4  l^Hil  the  number  of  siiecimens  in  the  ooUectioD 
bad  muliiifliMl  no  b^  tbao  Ktxteen  times.  Since  1887  the  pressure  for 
additjuouil  rmna  hai«,  of  <;'mr»e,  grown  greater,  and  daring  tbc  last  year 
tt  Uiut  Ifn^otae  nMM^KHar)'  to  d^M-Une  many  offers  of  coUectioDs  for  want 
not  uulf  of  t^xliibitiifn  M|)aee,  but  even  of  storage  room  There  they  may 
be  I^Mjporarily  cartel  for, 

Th«  armory  building,  wbicli  for  more  than  ten  years  had  beea  used 
hy  the  MuMtum  fur  ntorage  parjKiscs.  is  uqt  entirely  occupied  by  the 
L.  H.  FiHh  ComiiiiHHioii,  with  the  exception  of  four  rooms,  used  by  some 
of  the  Sloseam  taxidcrinintt*,  who  are  now  working  in  very  contracted 
iiptit«,  and  whom  it  in  impossible  to  accommodate  elsewhere. 

Kvery  s]>ace  is  nuw  fillel  to  its  atmost  capacity, and  no  more  collec- 
tions of  any  cousiderable  extent  can  be  received  nutil  additional  room 
In  j>rovided  Cor  tlieir  reception. 

In  a  tew  words  it  may  be  statetl  that  for  exhibition,  storage,  and 
laboratory  spw-t^  316,400  scjuare  feet  are  needed  instead  of  100,675 
square  fec^t,  which  now  constitute  the  available  area  for  all  of  these 
puritosfs. 

In  cotKrlnsion,  1  rcaffinn  without  hesitation  that  unless  additional 
space  is  provided  it  will  be  imimasible  to  take  any  farther  important 
steps  toward  the  improvement  of  the  Uovernment  collections. 
Tour  obedient  servant, 

S.  P.  Langley, 

Secretary. 

Hon.  Sets  L.  Milliken, 

ChairmaH  of  the  Committee  on  Public  BuiMing» 

and  Orownds,  Moune  of  Repretten-tatireii. 

In  view  of  the  probability  of  the  passage  by  Congress  of  the  bill 
pro\iding  for  a  new  building  for  the  Museum,  it  was — 

Rnolved,  That  the  Executive  Committee  of  the  Board  of  Regents,  at 
a  majori^  thereof  wid  the  Secretary,  be,  and  they  are  hereby,  autho- 
rized and  empowered  to  act  for  and  iu  the  name  of  the  Board  of  Regents 
in  carrying  into  effiM:t  tbe  provisions  of  any  act  of  Congress  that  may 
be  pa^oed  providing  for  the  erection  of  a  new  building  for  tbe  I'nited 
Slates  ?>aTk«ial  Mu 


wats  reMi  from  Donlton  &  Co..  of  Ixmdon,  1 
naDing  att«iikni  !<•  the  d<-i»sit  in  the  institution  in  1876  of  c 
aitacles  uf  iierra^^'ina.  th«-  principal  one  being  the  colossal  giovp 
-A^»iri<'*.~  «  ^v•\ly  ff  <<i>*  <'f  tlt*^  marble  gi-onpa  by  Bell  on  tbe  pedeHal 
ttf ti»e  AJ'iert  Kniuoitul  MomiiiM'iit  in  Keosingtou.  and  asking  tbat  tbe 
Rqard  uf  &-£eui*'  ttf  }.l>»i*>^i  Ui  tv<:»mmcn<]  to  the  GovernneBl  that 
^fviijinai'Kiii  tw  iiu«if  Iffl  \ii-  ]iunba-'«'  of  the  goods  now  ia  tbcH 
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The  whole  subject  had  been  carefally  considered  by  the  Execntive 
Committee  and  wan  now  Hnbmittetl  to  tbe  Board  witbont  recommenda- 
tion. 

After  mime  discussion  and  inquiries  by  members  of  the  Board  of  the 
Secretary  and  Chairman  of  tbe  Executive  Committee  aa  to  the  value 
of  the  articles  as  works  of  art  and  tlie  desirability  of  their  acquisition 
for  the  Institatioii,  it  was — 

Rctolved,  That  the  memorial  of  Doulton  &  Co.  be  re-referred  to  the 
Secretary  with  power  to  aet. 

The  Secretary  stated  that  he  had  been  authorized  by  the  President, 
the  Vice-President,  the  Chief-Justice,  and  other  members  of  tbe  Estab- 
lishment to  ask  for  legislation  the  effect  of  which  would  be  to  modify 
tbe  organic  act  so  that  tlie  "ENtablistiment"  would  consist  of  these  high 
officials  and  of  all  the  heads  of  Departments. 

The  proposed  change    .     .     .     is  covered  by  the  fotlowiug  words: 

Be  it  enacted,  etc.,  That "  An  act  to  establish  the  Sniitbaonian  Insti- 
tution for  the  increase  and  diffusion  of  knowledge  among  men,"  ap- 
proved August  10, 1846,  Beviseil  Statutes,  Title  lxxiii,  be,  and  the 
same  is  hereby,  amended  in  section  5579  of  said  act,  by  striking  out 
the  words,  "  the  Secretary  of  State,  the  Secretary  of  the  Treasury,  the 
Secretary  of  War,  the  Secretary  of  the  Navy,  the  Postmaster -General, 
the  Attorney-General,  the  Commissioner  of  the  Patent.-Offlce,  and  the 
Qovemor  of  the  District  of  Columbia,  and  such  other  persons  as  they 
may  elect  honorary  members,"  and  inserting  the  words,  "the  heads  of 
Biecntive  Departments,"  so  that  the  section  will  read: 

Sec.  5579.  The  President,  the  Vice-President,  the  Chief  Justice, 
and  the  heads  of  Execntive  Departments  are  hereby  constituted  an 
establishment  by  the  name  of  the  "Smithsonian  Institution ** for  the 
increase  and  ditfnsion  of  knowledge  among  men^  and  by  that  name 
shall  be  known  and  have  perpetual  succession,  with  the'  powers,  limi- 
tations, and  restrictions  hereiuafter  contained,  and  no  other. 

The  Secretary  stated  that  in  accordance  with  tbe  iustmctions  given 
him  at  the  last  meeting  of  the  Board  he  had  prepared  the  following 
memoranda  relative  to  the  re-imbursement  of  money  expended  by  the 
InstitotiOQ  for  the  Governmental  system  of  exchanges. 

[Uemoranduiu  relative  to  the  re-imbaraemeDt  of  the  Smithsonian  fnod  for  oxpendl- 
tnres  on  uiconnt  of  Oovemment  exchanges.] 

At  a  meeting  of  the  Board  of  Regents  of  the  Smithsonian  Institution 
on  January  8, 1890,  it  was 

Resolved,  That  the  Begents  instruct  the  Secretary  to  ask  of  Congress 
legislation  for  the  repayment  to  the  Institution  of  the  amount  advanced 
from  the  Smithsonian  fund  for  Guvernucntal  service  in  carrying  on  the 
exchanges. 

In  pursuance  of  this  instruction  the  Secretary  has  tbe  honor  to  sub- 
mit the  following  statemeut: 

Under  the  act  of  Congress  accepting  a  donation  from  James  Smith- 
son  for  "  the  increase  and  diffusion  of  knowledge  among  men,"  and  giv- 
bg  effect  to  this  trust  by  the  foundation  of  the  Smithsouiau  Institution, 
the  Board  of  Regents  in  1851  established  ft  system  of  international  ex- 
H.  Mis.  334,  pt.  1 U 
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ehniiffo  »rthe  TranHactioiifi  of  learned  socieCies  ant)  like  works;  but,  in 
adtiltion  to  irach  poblicationu,  it  voliintjirily  traiiaported  between  1851 
and  1807  (MimewLat  over  20,000  packages  of  publications  of  the  bu- 
rnann  of  the  NatioDal  Goveniineiit  iit  an  eatiinated  coBt  to  the  private 
fmidBof  tli«  iDKtitutioii  of  almnt  *8,000.  This  however  was  understood 
to  bo  a  vohiiitary  nerviw,  and  no  request  for  its  reimbursement  has 
boon  made  or  1h  (Kjntemplated. 

Coiiftre'*'*  however  in  1H67,  by  its  act  of  March  2,  imposed  upon  the 
ItinMtutluii  llie  duty  of  exclmiigiug  fifty  copies  of  all  documents  printed 
by  order  of  either  Ilonse  of  CoucreBs  or  by  the  United  States  Govem- 
uii>iit  or  bureauH,  for  oimilar  works  published  in  foreign  couutries,  and 
oniKH'tally  by  forHgii  ffovcriimeiits. 

The  liintltiittoii  {HtHHOHscd  Hi)eclal  facilities  and  experience  for  such 
work,  tiio  |)n>prl(>ly  of  its  undertaking  which,  in  the  interests  of  the 
()ov<>rnnH'ut,  Ih  ovidciit;  but  it  was  htirdly  to  hare  been  anticipated 
that  the  (lovcriinictit  Hhould  direct  this  purely  admimHtrative  service 
and  niuke  no  aiipropriatiim  for  its  supiwrt.  Such  however  was  the 
vitm>,  ami  with  I  no  oxcrptioii  of  n  toaall  (presently  to  be  noted)  sum,  re- 
turutnl  by  Mtin<>  buroaiiN,  it  watt  wholly  maintained  daring  the  next 
thirlp«>n  yt'urs,  or  until  thi'  tlrnt  approjiriation  to  the  Institution  for 
Kwlianjctvi  in  iSHI,  at  the  expense  of  the  private  fund  of  James  Smith- 

bVuu  Jauuary  1.  l.S(kS,  to  .lune  30,  18S«,  292,483  packages  containing 
tkHviip  otHcial  (lovernniont  publications,  haWng  little  to  do  with  the 
<>^$ff<i>t  to  which  t'ontrnyut  devoteil  the  Institution's  private  ftinds,  were 
IrftiKtimrtml  bv  the  exchan^ie  bun'an  at  a  pro  rata  cnst  of  $92,943,3^, 
.rf  w  hu-h  ♦■-*!>. tOtl.S5  wHTuwl  bet  wwn  1881,  when  the  first  specifle  appro- 
|wiM».w  w*t  made,  nud  1386.  i>f  this  »92,9«^,  $19,302.35  was  re- 
imnK^l  t'WwM  \wk>»8  dtritartments  and  bureaus,  leaving  a  balance  of 
♦rS.*»1,*1  *'\i>e>MUHl  in  oarryingesclusi^-ely  governmental  pnblications. 
XVli*t  >v*s  iw*rr«lrtl  n»A>ra  tt>  the  trans|tortation  of  official  documents, 
*nd  not  TO  lh«t  1^  Ttan»iictioi)8  of  learned  societies  and  other  like  works; 
IwT  it  ts  Tww  n<«(>cssary  t»t  ment»ui  that  in  1878  the  honorable  Secretary 
<tf  ?^j)1iei)««isa«tol  the  8mith;:<iQiau  lusiitution  as  the  q>ecial  agent 
ni"  1 W  Vuitiwi  St«t<>s  (ntv^ttfunHHit  for  carrjine  out  the  provisions  of  an 
inTonuinonal  oon^^Ntiiiui  at  l\)ns.  which  made  tbe  re^ective  Govem- 
mmnts  lutsnntc  the  civ-^t.  uttt  oul,v  of  ilte  trausportedon  of  oflScial 
dncdQinont^  hut  of  $>c)i<uiiAc  and  literary  pablicatious  between  the 
St»u«s  in»>ivst4>d.  »>m1  il  xrtt«)<l  $w^>m  that  Congress  itself  adopted  this 
M^w  of  its  nv!tpon^)t(lit\ ,  liw  fhtM  Jul>~  1,  ISSl.  to  Jane  30, 18S6,  while 
th*  *V>npr<wsii«ft*l  and  t»wrw»wcr*iic  exchxii^  repmaented  a  pro  rata 
fwf  of  ^t^TiNvS-V  aixl  the  $ricutittc  iMiblicaiiiMts  ^at.tvu^  Congress 
apimti^'tatied  dire<-ti>-  ♦A.v.V^* — aimc*  ItM  more  tkjia  the  cost  c?  the 
tnt\t>mnM«t  c\chanft<\  )»()  leavutea  latance  i^  ^^UkJLSU  for  scientific 
»»4  lit)prar>'  cvcUmd^  wniwM.  ttn;^  Utter  ^lau  ^\,5U.90,  added  t« 
dwtT.'i.Wi.oi  wont»onf>t  ,-»w\-*^  wAkcs  a  r.*Tal  »*;  ?77a7ot>l  for  which, 
«i;  c*n:'v>,  TT'|V4>mo»t  nutlu  be  wss  w<\'-ft>l, 

:»  .ss(v.*n  ttMk  l.Mh.*f  Mi«>b.pWv,i->«cr.;;ar:cs.vfjbtrnited  States 

««£  \T»rw»s  t'rf>>cr  tiali.MtwbtJcs  s-,);-n<\t  « <»r,\-yM>iv:;,  naore  Ibntal  than 

.  Ami  aa  ?V-r<,  ^^  »  h:.h  the  lvs(>e.lHT  tWrtfcr.wci.ts  deAaitely  assomed 

'«ift*i.pF  .<  .^ft!.i»l  divui»ei!t*  »:;.;  s^ x-.-UEv-  aad liicraty  pnbBca- 

V»ct*><«  rb«  viare<s  !iitiMvste>l 

5ipCi-ir...T  -*TV»ers  to  *.i.vA!  i:  v^  V.rr. ;  .'ure  as  a  basis  for  its  re- 

-m'^Mr  -i.fcr    We.-*:'-!-. 'it;*'.  :'■■• -iV-,',>  111!  ■  ;ir.i.*J  ah«Te,eqnity 

■^Mm  •"  fc.i.»  •:  ;J>e  e*,I;!Vx;;>*;  TVv.KV  >.irexviiaa$«s^at  kast 

tt-  i^hu-ab.  Tv-wsx-otii:  >>  V\wi,c'rcs?  u.  ls>~.  *,*;  ikt  G^xnunent 
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exchange  agent,  ^o  claim  for  the  exchange  of  a  purely  scientific 
character  Is  made  for  the  years  1881  to  1886,  so  that  the  $35,500  that 
Congress  appears  to  have  appropriated  for  this  end  is  treated  as  hav- 
ing a  retro-active  effect,  and  this  amount  dedncted  from  the  crude  obli- 
g^on  of  t73,64l.01  leaves  $38,141.01  as  the  amount  due  the  private 
fiind  of  James  Smithson  from  1868  to  1886. 

Considering  separately  the  period  from  July  1, 1886,  to  June  30, 1888, 
we  ftnd  that  the  amount  expended  iu  these  years  under  the  direction 
of  the  Smithsonian  Institution  ou  account  of  international  exchanges 
was  $47,126.56;  of  this  sum  $37,000  were  paid  by  Congressional  appro- 
priations, $3,091.75  were  paid  by  Government  Departments  and  others, 
and  the  balance,  $7,034.81,  by  the  Smithsonian  Institution. 

The  action  of  the  Board  of  Regents  contemplates  the  presentation  to 
Congress  of  a  request  to  return  to  the  Smithsonian  fbnd  tlie  snms  here 
shown  to  have  been  expended  in  the  interests  and  by  the  authority  of 
the  National  Qovernment,  namely,  $38,141.01  in  excess  of  appropria- 
tions advanced  from  January  1, 1868,  to  June  30, 1886,  for  the  exchange 
of  offlcial  Government  documents,  and  $7,034.81  in  excess  of  appropri- 
tions  from  July  1, 1886,  to  June  30, 1889,  a^Ivanced  for  the  purpose  of 
cwiying  out  a  convention  entered  into  by  the  United  States,  or  an 
aggregate  of  $45,175.82. 

DEAPT  OP  BILL. 

Be  it  enacted  by  the  Senate  and  Souse  of  Bepresentattvea  of  the  United 
States  of  America  in  Congress  a«8«m&Ied,ThatthefoUowingsamsl>e,and 
the  same  fu«  hereby,  appropriated,  out  of  any  moneys  iu  the  Treasury 
not  otherwise  appropriated,  in  repayment  of  moneys  expended  from 
the  Smithsonian  fund  in  exchanging  with  foreign  countries  the  official 
publications  of  the  United  States  Government,  and  in  carrying  out  the 
provisions  of  a  convention  for  the  exchange  of  literary  and  scientific 
publications  signed  by  a  represeutative  of  the  United  States  at  Brus- 
sels, March  fifteenth,  eighteen  huudred  and  eighty-six,  namely: 

Sec.  2,  For  exchanging  the  ofBcial  publications  of  the  United  States 
Government  from  eighteen  hundred  and  sixty-eight  to  eighteen  hundred 
and  eighty-six,  as  provided  for  by  resolution  seventy-two.  Fortieth 
Congress,  second  session,  the  sum  of  thirty-eight  thousand  one  hundred 
and  forty-one  dollars  and  one  cent. 

Sec.  3.  For  exchanging  from  July  first,  eighteen  hundred  and  eighty- 
six,  to  June  thirtieth,  eighteen  hundred  and  eighty-nine,  official  docu- 
ments and  scientific  and  literary  publications,  as  provided  for  by  the 
"conventiou  between  the  United  States  of  America,  Belgium,  Brazil, 
and  other  natJons,"  concluded  at  Brussels  Maich  fifteenth,  eighteen 
hundred  and  eighty-six,  the  sum  of  seveu  thousand  and  thirty-four 
dollars  aud  eighty-one  cents;  in  all,  forty-flve  thousand  one  hundred 
and  seventy-flve  dollars  and  eightj'-two  cents. 

The  foregoing  memoranda  had  been  placed  iu  the  hands  of  one  of 
Begents  in  the  House  of  Representatives,  to  present  whenever  it  was 
deemed  advisable,  but  no  action  had  as  yet,  so  far  as  the  Secretary 
was  informed,  been  taken. 

The  Secretary  informed  the  Board  that  the  executors  of  the  late  Dr. 
Jerome  H.  Eidder  bad  reminded  $100  to  the  Institntiau,  which  had 
been  paid  by  the  latter  for  legal  services  in  relation  to  the  bequest  of 
Dr.  Kidder  to  the  Smithsonian,  and  the  family  of  the  testator  did  not 
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deaifc  that  ^'tbe  action  ortbe  Regents  in  regard  to  the  beqneet  should 
be  attended  by  any  financial  burden  to  the  Inatitntioa^. 

The  annooncement  was  made  that  a  be^jnest  of  a  medical  library 
had  been  siade  to  the  Institution  by  Dr.  Jonathan  B.  Bailey,  of  Olm- 
i>t«ad,  Ky.,  bat  tbe  books  had  not  yet  been  rec^Tcd. 

A  letter  of  thanks  vaa  submitted  from  Mrs.  Cox,  thanking  the  Board 
for  tbe  retfolations  tranrtmitted  to  her  in  regard  to  the  death  of  her 
kaabaowL,  tbe  late  honorable  Samnel  S.  Cox. 

Tbe  Heeretary  presented  bis  anoaal  report  fiw  the  year  ending  June 
31k,  1890,  which,  in  aceordanee  with  the  instmctions  ot  the  Board,  had 
bccB  printed  and  distribated  to  the  Regents. 

<>n  Biition  the  rep(»t  was  accepted. 

Dr.  Welling  presented  the  fbllowiiig: 

Whekkas.  Tbe  late  Gem^  Bancroft  was  for  several  years  a  member 
'4  tike  Board  of  R^ents  of  the  SmithDouian  Institntion,  and  rendered 
iW^  ^ttrwiet  on  its  execotiTe  committee:  Therefore,  be  it 

He^nd,  That  while,  for  obvious  reasons  of  propriety,  we  should 
»'f<.k^  M  thid  time  and  in  this  pla<.-e  from  any  fall  or  formal  conimemo- 
r*'j»  fA  tbe  manifold  titles  to  distim-tioo  which  clustered  around  the 
h^a«±  '4*11  late  iHni'trioiiscoUeagae.wecan  not  forbear  from  testifying 
■"uf-  •9«tiAJ  eratttode  we  owe  to  him  for  the  interest  he  ever  took  in  the 
w#^^kn;  '4  thi"*  Institution,  nor  can  we  forbear  £rom  associating  our- 
**^:rt*^  rr.h  tbe  grief  of  his  fellow -citizens  throagbont  the  length  and 
•t^saa-Jii  'A  tbe  land,  now  that,  in  the  fullness  of  his  years  and  in  the 
t\l  'j*^f*-  of  hi."  honors  he  has  been  called  to  rest  from  the  labors  which 
~*rii££-ii  w  him  i<ach  a  reveune  of  fiune,  alike  in  the  walks  of  high 
*rs*K:c:zT*:  »!B.:m.-itration,  of  diplomacy,  and  of  llterative. 

TiM-  rt*if«h:aoii  was  adopted  by  a  rising  vote. 
Oil  awcioti.  the  Board  then  adjourned  tine  die. 
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REPORT  OF  THE  EXECUTIVE  COMMITTEE  OF  THE  BOARD  OF  REGENTS 
OF  THE  SMITHSUNIAN  INSTITUTION. 


POE  THE  YBAR  BSDING  JFKE  M.  II 


To  the  Board  of  Regents  of  the  Smithsonian  Institution: 

YooT  executive  committee  reapectfiiUy  submits  the  folloving  report 
in  relation  to  tlie  funda  of  the  iDstitution,  the  appropriatious  by  Con- 
gress, and  the  receipts  and  expenditures  for  the  Smithsonian  Institution, 
the  IT.  S.  National  Moaenm,  the  International  Exchanges,  the  Bureau 
of  Ethnology,  the  Katioual  Zoological  Park,  the  purchase  of  the  Per- 
kins collection  of  prehistoric  copper  implements,  the  payment  to  daugh- 
ters of  the  late  Prof.  Joseph  Henry,  and  the  purchase  of  the  Oapron 
collection  of  works  of  Japanese  art,  for  the  year  ending  30th  June,  1891, 
and  balanceu  of  former  yeara 

SMITHSONIAN   INSTITUTION. 
Condition  of  the/and  July  1, 1891. 

The  amount  of  the  bequest  of  James  Smithson  deposited  in  the  Treas- 
ury of  the  Uuited  States,  a<-cording  to  act  of  Congress  of  August  10, 
1846,  was  t.?15,169.  To  tliis  woh  added  by  authority  of  Congress  Feb- 
ruary 8,  1867,  the  residuary  legacy  of  Smithson,  savings  from  income 
and  other  sources, to  the  amount  of  $134,831. 

To  this  also  has  been  added  a  bequest  from  James  Hamilton,  of  Penn- 
aylvauia,  of  $1,000;  a  bequest  of  Dr.  Simeon  Habel,  of  New  York,  of 
$500,  and  the  proceeds  of  the  sale  of  Yirginia  bonds,  $51,600,  making 
in  all,  as  the  permanent  Smithson  fund,  $703,000. 

Slattment  of  the  recetplB  and  expmditurei  front  JhI)  1, 18S0,  to  Junt  SO,  1891. 


Caah  on  Iiand  July  1,1890,  inclnding  cash  from  e 

Dr.  Jerome  H.  Kidder,  $5,000,  and  from  Dr.  Alex.   Orabam 

Bell,  for  aatro-physicjil  research,  J5,000 »30, 193. 65 

Interest  on  fniid  July  i,  1890 $21,090.00 

Inteiett  on  fund  January  1, 1891 21, 090. 00 

43,180.00 

72,372.66 

Caah  from  sales  of  pobliOAtions <18. 36 

Cub  from  Tepaymeuts  of  flight,  etc 6,344.01 

8, 762. 87 

Total  roceiptt 79,135.02 
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i  of  pQblicatioDft,  repayments  for  freight, 
of  expeiiditiU¥.  a«  follows: 
tt.56 


l,Sa5.96 

JSLS 

sio.as 

43.88 

418.36 

11L50 

733.21 

3,371.07 

•6,763.37 

Institntion  for  the  year  ending  Jane  30, 

',  or  $6,762^7  leas  than  the  gross  expen- 

n. 

)  Smithsonian  Institntion  from  interest, 

tporarily  advanced,  or  otherwise,  are  de- 

S.21  pftid  for  Bklaries  aadet  gmerkl  exp«DMa, 
.,  «1,000.08  from  the  buildiog  mccount;  $470.01 
I  the  eiohftiiKe  Acoonut;  uid  1233.32  &am  the 
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posited  vith  tbe  Treasurer  of  tlie  United  States  to  the  credit  of  tbe 
Secretaiy  of  the  lostitntion,  and  all  payments  are  made  by  his  checks 
on  the  Treasarer  of  tbe  United  States. 

You  committee  also  presents  tbe  following  statements  in  regard  to 
appropriations  and  expenditures  for  objects  intrusted  by  Congress  to 
tbe  care  of  tbe  Smithsonian  Institntion : 

INTERNATIONAL  EXCHANGES. 

AppIOpritttion  bf  CoDgrme  Tor  tbe  liacftl  year  ondiiig  Jane  30,  1891,  "  for 
expenHcs  of  the  syitem  of  iDtcrDational  exohanges  between  tbe  tTnit«tI 
Statra  anil  foreign  conntrieii  under  the  direction  of  the  Smithsonian 
Inatitntion,  including  •alarieB  or  compeusation  of  all  neoeasary  em- 
ployfa"  (anndrj  oivU  act,  August  30,  1890) $17,000.00 

£cp«Mfi(an!«/r0M  Jutg  1,  1890,  to  June  30,  1891. 

Salariea  or  compenaation : 

Icnrator,  12  months,  at  $208.33 $2,409.06 

1  clerk,  7  months,  at  $150 $1,050.00 

Smontha,  at$160 800.00 

1,850.00 

1  clerk,  3  months,  at  $110 330.00 

Omonths,  at$120 1,080.00 

1,410.00 

Iclerk,  Smontha,  at  $80 340,00 

9  months,  at  $86 765.00 

1,006.00 

1  dork,  3  montha,  at  $75 22B.0O 

9  months,  at  $80 7S0.00 

916.00 

1  clerk,  12  months,  at  $75 900.00 

1  clerk,  3  months,  at  $70 210.00 

9  months,  at  $75 675. 00 

9g&.(Xi 

1  atenographet,  12  months,  at  $45 540.00 

1  clerk,  0  months,  at  $55 495.00 

1  copyist,  3  months,  at  $35 105.00 

9  months,  at  $45 360.00 

466.00 

1  copyist,  13  days,  at  $1.50 19.50 

1  copyist,  10  days,  atCl 10.00 

1  packer,  12 months,  at  $75 900.00 

1  packer,  12  months,  at  $50 flOO.OO 

llaborer,  3  months,  at  $43 135.00 

Omonths,  at«50 460.00 

585.00 

1  agent  (Germany),  G  months,  at  $83.331 600. 00 

1  agent  (England),  6  months,  at  $41.66} 260. 00 

6  months,  at  $50 300.00 

560.00 

Total  salaries  or  compensation 14, 159.40 
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Oeneral  eipeiiBes: 

Freight *1,79S.33 

Pocking  boxes 758.16 

Printing  uid  binding 189. 06 

Postage 1W.68 

Stationery  and  snppliee 410.42 

»2,840.IH 

Total  expenditnres  international  excliaogeH 17,000.00 

NORTH  AMERICAN  ETHNOLOOY. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1891,  "  for 
oontinnlng  ethnological  researches  among  the  American  Indians,  under 
the  direction  of  the  Smithsonian  Institntion,  including  salaries  or  com- 
pensation of  all  neceeaary  employ^  "  (snndrycivUact,AnguBt30, 1890).  940,000.00 

Balance  Jnly  1,  1890,  as  per  last  annual  report 13,033.08 


The  actoal  conduct  of  tbeae  investigations  has  been  continued  by  the 

Secretary  in  the  hands  of  M^).  J,  W.  Powell,  Director  of  the  Geological 
Sarvey. 

Sthnology: — Expendituret  July  I,  1S96,  to  Jane  30,  1391. 

Salaries  or  compensation : 

2  ethnologists,  at  $3,000  per  annnm 96,000.00 

1  arcbuologlst,  at  rJ,500  per  annnm,  10  months 2, 166. 60 

1  ethnologist,  at  92,400  per  annum 2, 400. 00 

1  ethnologist,  at  92,400  per  annnm,  2  months 400.00 

1  arcbieologist,  at  92,400  per  annum,  2  months 400.00 

1  ethnologist,  at  92,000  per  annum,  10  months 1, 666. 60 

1  ethnologist,  at  91,800  per  annum,  2  mouths 300.00 

1  ethnologist,  at  91,800  per  annnm 1, 800. 00 

1  ethnologist,  at  91,800  per  annam,  II  months 1,650.00 

1  assistant  ethnologist,  at  91,800  per  annum,  6  months 750. 00 

I  assistant  arohnologiet,  at  91,500 per  annum,  2 months...  250.00 

1  assistant  ethnologist,  at  91,500  per  annum,  10  mouths  ...  1, 250. 00 

1  assistant  ethnologist,  nt  91,400  per  annum,  2  months 233.32 

1  assistant  ethnologist,  at  91,400  per  annnm,  10  months  ...  1, 166. 60 

I  assistant  ethnologUt,  at  91,400  per  annum,  10  months  ...  1, 166. 60 

1  assistant  ethnologUt,  at  91,200  per  annum,  2  months  ....  200. 00 

1  assistant  ethnologist,  at  91,200  per  annum 1,  :iO0. 00 

1  assistant  ethnologist,  at  91,200  per  annum,  9  months 950. 00 

1  assistant  ethnologist,  at  $1,200  per  annnm,  2  months 200.00 

I  months 1 ,  000. 00 

months 166.66 

num,  2 months  ....  200.00 

nnm,  8  months  ....  666. 61 

tm,  2  months 150.00 

im 900.00 

DonthH 150. 00 

900.00 

760.00 
.  120.00 


,  120.00     I 
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SaUries  ur  compensAtion — Continued. 

1  modeller,  at  ^20  per  atiaum S730.00 

1  modeller,  at  (720  per  annum,  10  months 600. 00 

1  modeller,  at  1(600  per  annam,  2  months 100.00 

1  clerk,  At  teOO  per  aimum 600.00 

1  clerk,  at  (600  per  anuam,  11  months  24  tlays 590.00 

Imeasenger,  at  4600 per  aunnin,  Smooths  7  dajra ill. 29 

1  modeller,  at  «480  per  ouunm,  10  months 400.00 

1  meesenger,  at  $180  per  annum,  3  months  S  days 134.51 

UuclMtiQed  or  special  jobs  or  contracts 271.41 

Total  salaries  or  compenMitloa #33,710.23 

Hiscellaiieoiis: 

TraTeltng  expenses 2, 354. 76 

Transportation  of  property 290.20 

Field  sabeiatence 115.16 

Field  snpplies 310.71 

Field  supplies  for  distribntion  to  Indians 93.  &i 

Fi«ld  material -SO 

Laboratory  material 32. 26 

Books  for  lilirary 362.16 

Stationery  and  drawing  material 309.00 

Olastrations  for  reports 840.35 

Office  furnitnte 139.96 

Office  snppUea  and  repairs 193.41 

Specimens 174.10 

5,606.91 

ToUl  expenditure* 39,216.14 

Bonded  railroad  aooonntn  aetlled  by  United  States  Treasary 42.70 

Total  expenditure  North  American  ethnology 39,258.84 

Balance  Jnly  1,1891 12,774.24 

BxpenaUitTet  rrtlatttfitd  fry  MuhjeBl-matter. 

SignUngnage  and  picture  writing 4,6B4. 40 

Expiomtions  of  mounds,  eastera  portion  of  United  8tates 4, 978.  TiS 

Reeearches  in  arehaology,  southwestern  portion  of  the  United 

States 8,497.82 

Researohea,  languages  of  North  American  I ndianii 12,412.73 

SiUries,  office  of  Director ^ 4, 202. 46 

lIlaitratiotiH  for  reports 840. 35 

ReseareliBs  among  the  Pueblos 1,000.00 

Contingent  expenses 2,629.80 

39.216.14 

Bonded  railroad  accounts  settled  by  United  StateH  Treasury 12.70 

Total  expenditure  North  American  ethnology 39,258.84 

Balance  July  1, 1891 12,771.24 


Jolyl,  1800:  Balance  on  hand 12,033.08 

Appropriation  for  North  Amerlcau  ethnology 40,000.00 

52,033.06 

Expended 39,258.»1 

Balance  on  hand  .lulyl.  1891 Ijju,j-v.V  12,774.24 
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Whirh  lialoiiro  in  ilppoalteil »«  ftiUowB : 

Tn  rn^it  of  iliKhnniing  aiinnlH tti,0A6.M 

Ja  tho  Unite.l  HtaUs  Treafliiry 6, 707.30 

IlftUncoofthiia'lJuly  I.  1891 12,77i.2l 

NATIONAL  MtlSKXTM. 
I-BKSBRVATION  OK  C(»[,LE<:TIONS,  3VI.X  1.  IBM.  TO  JUKE  M.  1B01. 
Appropriation  hy  Coi\gtven  tor  Ihe  fiecal  year  rndiug  Jane  30,  1891,  "for 
<io]itiiiiiiiiK  l^lio  proHcn'ntioQ,  exhibition,  niid  increase  of  the  collection!) 
JVom  thoHurveyingsnil  exploring  cxpeilitionn  of  the  Government,  nnil 
fWini  other  HaarneH,  inclniling  fialAries  nr  compensation  of  nil  necedsnr; 
eniployfii"  (HOndr;  civil  act,  AngnatSO.  1890) ^^140, 000.00 

Salarirt  or  compengnlioN, 
Direction : 

1  Aiaittant  Seerotary  of  the  KinirliHonian  Iiigtitntion,  iu  rhiirge  of 

the  U.  S,  National  Museum,  12  months,  at  $333.33 13,999.86 

Hoientiiic  ataff: 

1  rurator,  12  months,  at  KiOO 3,100.00 

loiiwUir,  12  months,  at  $200 2,400,00 

1  eiirator,  12 monthe, at «200  2,400.00 

lourator,  12  months,  at  »I75  2,100.00 

1  cnrator.  12  monthB,  at  $175 2,100.00 

1  curator,  12  months,  at  $150 1,800.00 

1  onratoT,  a  months  and  14  days,  at  $150 370.00 

1  curator,  12  months,  at  $100 1,200.00 

I  acting  curator,  9  months,  nt  $150.- 1,350.00 

I  actintt  titirator,  12  months,  at  $125 1,500.00 

1  luMlstant  oiiralor,  12  months,  nt  $133.33 1, 589. 9S 

1  iMsiHtnntcitrator.  1  month. at $14».3R;  2motit]iB,  at  $145.33;  1  month, 
at  $143.33;  1  month,  at  $142.33;  1  month,  at  tl39.33;  1  month,  at 

$137.33;  B  months,  at  $133.33 1,667.96 

1awil*tantnnTat<>r,3months,at$125;  1  month,  at  $30 4^C0 

1  auiilwitrnrator,  12moDthH.  at$100 1,200.00 

1  aaslKtunt  curator,  ti  months  and  2r>  days,  at$140;  2montha.at3100.  1,162.90 

1  i«Hi-.tuiit,  a  months,  nt  $ir* ." SW"" 

laasialwit,  4month«,  «t$80 320.00 

1  aMlslMnt,  IV  moiilhs,  al  $65 335  00 

1  aid,  12  montlis.  at  $«0 flOO  OO 

1  Aid.  12  montlis,  nt  $«0 960.00 

laid.  12  mouths,  at  $7B SOO-"" 

laid,  I  month,  at  $7.'' J^.flO 

Inid,  13  moiilha.  at  MS WOW 

laid.  I  month,  at  «W 60-W 

1  aid.  .'V  months  and  1(»  days,  at  W« 336.00 

1  aid,7m..tilh«an.l  Uday«.s(»«in t^-"" 

I  »id.2m.mths,at*M> „ l""-* 

1  aid.  2  months  and  *t  days,  at  MO _ "^'^ 

1  a(d,fl  months iMid  30  days,  at  MO 3S6.6? 

I  al<l.  4  Ntontha,  at  MO 1*** 

1  niltM-tnr,  3  months,  at  tX» «"■■"" 

^^  months,  at  #10(1 !-*"■" 

1  M$rt» 


raft  00 
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Clniotl  itrnff : 

1  chief  clerk,  12  months,  at  $175 $2,100.00 

1  curreapondinK  clerk,  12  moDths.  lit  $158.33 1,899.96 

IreKiBtrar,  12  months,  «ttl58.33 1,899.96 

1  diHbnniiig  clerk,  12  months,  at  $100 1, 200. 00 

Idnftsnwn,  12  uiontbe,  at  $83.33 999.96 

1  MBiatant  dranunsn,  12  munthB,  at  *40 180.00 

lclerk,10nianthB,Bt$12S;  2  months,  at  $100 1,450.00 

1  dark,  12  months,  at  $11S 1,380.00 

1  cleik,  12  montha.  at  $115 1,380.00 

1  dark,  12  months,  at  $100 1,200.00 

1  clerk,  12  montha,  at  $90 1,060.00 

X  cletk,  12  montha,  at  $90 1,080.00 

1  clerk,  12  montha,  at  $83.33 99B.96 

leleck,8month8,at$85;  4  months, at  $75 980.00 

1  clerk,  12  months,  at  $75 900.00 

1  clerk,  12  months,  at  $70 840.00 

1  clerk,  11  months  and  18  days,  at  $60 68ft  00 

lclerk,15day«,at$60 29.03 

1  clerk,  12  months,  at  $60 720.00 

1  clerk,  12  months,  at  160 720.00 

1  clerk,  8  months,  at  $S5 ;  4  months,  at  $50 640.00 

1  clerk,  12  months,  at  $55 660.00 

1  clerk,  11  months  and  29  days,  at  »5 658.17 

1  clerk,  12  months,  at  $50 600.00 

1  clerk,  12  months,  at  $60 600.00 

Irtenographer,  10monthsand2Sdajs,  at$00 540.32 

1  typewriter,  12  months,  at  $60 - 600.00 

1  typewriter,  11  days,  at  $60 21  29 

1  copyist, lOmonths,  at  $60;  2  months,  at  $40 680.00 

loopyi«t,12month8,at$55 660.00 

1  (opyist,  12  months,  at  $50 600.00 

l«)pyist^l2months,at$50 600.00 

1  copyist,  12  months,  at  $50 600.00 

1  copyist,  12  months,  at  $50 600.00 

lEopyirt,12montbs,at$45 540.00 

1  copyist,  12  months,  at  $40 480.00 

1  copyist,  12  months,  at  $40 480.00 

IcopyiatillincnthaandlOdafs,  at$40 460.65 

1  copyist,  27  days,  at  $40 33.55 

l«»pyu't,8m<.nthiand2days,at«40 322.58 

lcopyi«t.l3montha,at$35 420.00 

j(opyijt,12month«,at$3S 420.00 

1  copyi^  I '""»*''«"' 33  days,  at  $30 62.52 

ltopytatI2»i'M'thB,at$30 360.00 

1  oopyirt.  W  """tlw.  "  »» 380™ 

lc<iyi«t,  Imonth,  at$30 30.00 


5^rti^'^"*°"»"r  at $110 1,320.00 

1  pbot<V^pher.  13  months,  at  $158.33 1,899.96 

J  j^jjdemiist,  la  months,  ot  $125 1, 500. 00 

j^t^dermiat,  12  months,  at $120 1,440.00 

jt»xidtmltt.  12  month*,  at  $80 «».00 
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Preparft  tors — Coo  tin  iiud. 

I  toiidemuBt,  12inoDthB,  at*eO tTZO.Od 

1  awistaiit  taxidermist,  IS  months,  at  tGO 730.00 

I  a«HiBtaiit  taiidermist,  3  tnoQths,  at  MO 120.00 

1  preparator,  II  moDtha,  at  $100 1,100.00 

1  preparator,  12  months,  at  $80 960. 00 

1  preparator,  12  mcmtlii,  at  $75 900.00 

1  preparator,  12  months,  at  {60 720.00 

1  preparator,  32  dajs,  at  $50 51. 62 

1  preparator,  190daj%,  at$3 570.00 

1  preparator,  15  days,  at  $3.20 18. 00 

1  assistant  preparator,  1  month,  at  $66;  1  month,  at  $59;  1  month,  at 
$57.50;  1  month,  at  $57;  1  month,  at  $56.50;  1  month,  at  $55.50;  1 
month, at $55;  ImoDtb,  at  $52;  1  month,  at  $49;  Imonth,  at  $47.50; 

1  month,  at  $151;  mouth,  at  $44 644.00 

13,673.68 
Baildinga  and  lahor: 

Isaporintendent  of  buildings,  12  months,  at  $137.50 1,650.00 

1  assiataut  superintendent  of  huildtngs,  12  months,  at  $90 1,060.00 

1  chief  of  watch,  12  months,  at  $60 720.00 

1  chief  of  watch,  12  months,  at  $60 720. 00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  months,  at  $50 600.00 

1  watchmau,  12months,at$50 600.00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  months,  at  $50 600. 00 

1  watchman,  1^  months,  at  S^ 780.00 

1  watchman,  12  months,  at  ^0 600.00 

1  watchman,  12  months,  at  $60 600. 00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  months,  at  $50 600. 00 

1  watchman,  12  mouths,  at  $50 600.00 

I  watchman,  8  months,  at  $50 400.00 

1  watchman,  11  months  and  37  days,  at  WO 693.55 

1  watchman,  10  months  and  47  ilays,  at  $45 518.23 

1  watchman,  11  months  niid  28  days,  at  $45 537. 00 

1  watchman,  4  mouths,  at  $60;  B  months  and  90  days,  at  $45 555.65 

1  watchman,  9  mouths,  at  $40 360. 00 

1  skilled  laborer,  12  months,  at  $50 600, 00 

1  skilled  laborer,7  months,  at  $50;  3  months  and  62  days,  at  $40;  10 

(lays,  at  $2 : 206.26 

350.00 

212.00 

days.at$1.50 2ffi.50 

mouths,  at  $46.00;   1  month, 

325.50 

104.00 

90.00 

at$47.50;  3u)onthB,at  $43...  547.50 

472.50 

640.00 

V---    I    **'■'" 

■.,,,.L]00'-^l^      17.25 
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BnildiDgs  And  labor — Coatinned. 

llaborer,  Smonthn.at  >44.50;  2  mouths, ftt  $46;  3  moD(fas,at  $43; 

3moDtlw,at$41.50i  1  month,  »t  $47.50 $^36.50 

1  laborer,  24  days,  »t  $1.50 36.00 

llaborer,  2  months,  at  $43;  6nionths,  at$40;  2  montbs,at$41.50...  409.00 

llabor«r,  10  mouths,  at  $40;  2  months,  at  $41.50 4S3.00 

llaboKF,  12  months,  at  $40 480.00 

llaborer,  316 days,  at $1.50 474.00 

llaborer,  11  months,  at $40;  1  mouth, at $41.50 481.50 

llaborer,  276  days,  at  $1.50;  1  moDth,  at  $47.50;  1  month,  at  $48.. .  509.50 
]  laborer,  6  months,  at  $39;  1  mouth,  at  $37.50;  2  months,  at  940.50; 

2  months,  at $36;  1  month,  at  $43.50 468.00 

1  laborer,  316  days,  at  $1.50 474.00 

1  laborer,  9  months,  at  $40;  3  mouths,  at  $41.60 484.50 

1  laborer,  11  mouths  16  days,  at  $40 460. 64 

llaborer,  323  days,  at $1.50 484.50 

llaborer,  8  months,  at $40;  2  months,  at  $11.50;  1  mouth,  at $38.39.  401.39 

lUbuier,  261  days,  at  $1.50 391.50 

llaborer,  27  days,  at  $1.50 40.50 

1  Uborer,  201  days,  at  $1.50 31.13 

llaborer,  4 days,  at $1.50 6.00 

llaborer,  4  days,  at  (1.50 6.00 

llaborer,  4  days,  Bt  $1.50 6.00 

llaborer,  4  days,  at  $1.50 6.00 

llaborer,  3  days,  at  $1.50 4.50 

1  attendant,  12  months,  at  «40 480. 00 

lattendant,  12months,  Bt»40 480.00 

Icleaoer,  12  months,  at  $30 360.00 

1  cleaner,  12  months,  at  $30 360.00 

1  cleaner,  12  months,  at  $30 360.00 

■  cleaner,  12  months,  at  $30 360.00 

1  cleaner,  313  days,  at$l 813.00 

1  cleaner,  300  days,  al$l 300.00 

ImoBMnger,  4  months,  at  $25;  8  mouths,  at  $35 380.00 

1  messenger,  1  month  36  days,  at  $20 43.65 

Imewenger,  12  mouths,  at  $45 640.00 

1  messenger,  12  months,  at  $25 300.00 

ImMsenger,  12  months,  at  $25 900.00 

1  meseenger,  3  mouths  20  day«,  at  $20 72.90 

ImesBenger,  12monihB,  at$35 420.00 

1  messenger,  12  mouths,  at  $45 640.00 

r,  4  months,  at  $20;  7  months  30i  days,  at  $30 319.52 

r,  64  days,  at  $20 41.70 

er,  6  months  10  days,  at  $25 208.06 

1  messenger,  8  months,  at  $20 , 160. 00 

1  messenger,  11  days,  at  $20 9.0:1 

1  messenger,  79  days,  at  $1.26 98.75 

31,837.91 

Special  aervicee  by  Job  or  contract 1,315.28 

Total  Mrricea 117,300.62 

L:,y,l,.euL7G00^lc 


XXX  EEPOET  OF  THE  EXECUTIVE  COMUITTEE. 

SUMMARY. 

SftlftTies,  pNwrrktioD  of  collectiona,  1891 : 

DiwoMon 13,999.96 

Hcidutlflo  aUff 32,«0.04 

Ckrlrilitaff 34,063.85 

I>i«paratara 13,673.58 

Btttldingi  Md  Ubor 31,857.71 

6pDCial  OT  oontTMt  work 1,31S.28 

Tutol  mUtIm  or  oompeoMlioa •117,300.51 

HtaceUuieoQS: 

Duppllea 3,062.32 

Stationery 1,663.02 

8p«vliuflnB 6,211.40 

BookB  M)d  pwiodioftla 835.40 

Trarrf 1,1U.78 

Fnlcbt  and  ouUg« 1,882.57 

14, 719. « 

TwUl  wpcniUlure  to  June  30,  1891,fcirpreaerratioa  of  coUectiotu, 

1801 i32,oao.oi 

Bnlauc(>,  July  1,  1891,  to  meet  oatBtandiog  liabilities 7,979.99 

rrRKtrritR  akd  rixTrRzs.  july  i.  ia««.  to  juxb  m.  iml 

Approprialioit  by  CoiifT«M  for  tbo  fi«c*l  year  «n^Dg  June  90^ 
ItUl,  "for  oasM,  fbrnittm,  Bxttms,  aad  appUancM  t«qniied 
for  ihe  nzbibition  and  aal^  keeping  of  the  ooUectioua  of  the 
Naliuaal  UuBeuni,  Including  aalariea  or  roapensation  of  all 

iiert«MT,v  («nploj-«a "  uuudry  civil  aot,  Aognst  30,  IfBO) 626,000.00 

Sttlanes  or  ««iuiicnuliua : 

l«n|Ctn«era(pruperty.6monlha,al*175;  6i>iontbs.al9150.  tl,95O.0O 

IrlMk,  ISmnntbB,  at,»75 900.00 

tf^.Ti3t.9Biuatha.allti0i  4 months.  at*55 700.00 

l<«l>(iiMBtakfr.  awda>-s.at«3 897.00 

lr>n"f  ■  I  nnutth  10  daj-it.  M  (91 U0.3B 

1  mMiMin-r.  St.-I  da.v».  at  *3 SOS.  00 

»t«n»n»«->^'-^'l».''-*.«t*3 939.00 

l<*i|w«l«.  SlSd«,\Ti.al|3 939.00 

1  Mn>Mi«r.  »i;t  <li>.v>.  »«*3 S83.25 

1  ««|w«trr.  1J*1  da\-Ti, »i  W 469.60 

1  .-utrrwntvr.  I^«  da.m.  at  13 560.50 

lrtinwnt»t.T»H'U.vi<«l*S 211.50 

I  oarrMUpr.  3S  •lavs,  at  M 81,00 

IrMlwanrr.  I!>  da.<.-s,  al  tS 57,00 

lx'«ti>Mtl<>>r.3«d3»».al  *» 108,00 

l|vuMt»r.  tSRfcMHb,-",  alltO 780.00 

I  ilil',*^  UtKVtvr.  .-its  da,Ts.  al  ff    6a&00 

1  >t.t'.>Fd  UtH«H.  ^V^(  il«<rr»,  at  fS 513.00 

)  i>t.i:lnt  Ubturvi.  :A«<t  d*y».  al  K 418.60 

t  ^i:U>t  UtHMve.  4iMunihx.  at  f,X> XOlOO 

\  »liU«l  UtMOvr.  ftmwihv  al  »iv> asaOO 

t«4.atMl  totv^rr,  .1  nn>«>Ihv   al  f4^;  I  Kw-th-at  HCJO;  1 

i*»wnlh,  m  ♦!!>  \>  ,       ,    ,    SLOO 

I»V.U«-,IUK.»-.  S««M.lhva«M>.  !•.■.■*->.. I  «S:  I  aMBth.  O'^^k' 

at  W«..V,,,. 40^00 
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EdsriM  or  compensatioa — CoDtinneil. 

1  laborer,  2  montha,  at  MO 980.00 

1  Uborer,  2  monUiB,  at  940 80.00 

llaborer,  Smontlw,  at$45;  SI  days,  at  91.50 256.50 

1  Itborer,  802  day*,  at  91.TO 528.50 

SpMia]  oi  oontntot  serrice 19. 00 

Total  espeDditnre  for  salaries  or  com]>ensatiou 914,213.53 

HiMelluieoiis,  materiaU,  etc : 

Exhibition  coses 1,296.00 

Deaigna  and  drawings  foroaaes 36.00 

DrsireTS,  trays,  boxefl 448.08 

Frames,  stands,  eto 330.62 

Gl«i« 964.56 

Hardware  and  fittings  for  cases 707.13 

Tools 73,87 

riuth,  cotton,  etc 106, 03 

Glnujars 61.92 

Umber 1,364.06 

Paiuts,  oils,  and  brashes 565.40 

Office  furniture 688. 22 

Tin,  lewl,  andmelalB 268.48 

Bnbber  goods 106.04 

Iron  brackets 87.10 

Apparatus 84,60 

Travelling  expenses 5.00 

numbing 14.24 

7,0fW.94 

Total  eipenditiire,  Jnly  1,  1890,  to  June  30,  1391,  for  furniture  and 

fiitnrea,  1891 21,309.46 

Balance,  July  1, 1891,  to  meet  outstanding  liabilities 3,890,64 

HUTn<G,  uanmro,  electric  aku  telephonic  service,  jclt  i,  isso,  to  jume 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1891,  "  for 
eipeose  of  heating,  lighting,  electrical,  telegraphic,  and  telephonic  serv- 
ice for  the  National  Huseuui"  (sundry  civil  act,  August  30,  1890) $12,000.00 

Sslariee  or  oompensatloD : 

1  engineer,?  months,  at«115 $805.00 

1  fireman,  18  months,  at  950 600.00                      * 

1  fireman,  12  moutha,  at  960 600. 00 

1  fireman,  10  mouths,  59)  days.  at9-'>0 697.56 

1  fireman,  9  months  5  days,  at  950 458.33 

1  flreroan,  8  months  15  days,  at  950 424.19 

1  fireman,  1   mouth  14  dayn,  at  950 72.58 

1  telephone  clerk,  12  monthK,  at  960 720.00 

1  assistant  telephone  clerk,  12  months,  iit  $35 420.00 

llaborer,228dayH,  at  91.50 339.00 

Spec  ial-serrice  contract 48.25 

Expenditure  foi salaries  .,,....,,,.,.,. ,.., 5,084,91       ,  iqq|p 


BKP'>BT  or  THE  tXEi  '.  ri»  E  OJ^DOTTEZ. 


i^rtalnut  -v«fHt.. 


Cw^rin  (b^Uv^ 

Bmlal  -if  cail  ^ii^ 

Tri'-H 


pfnstttz  lalMbi  aoH  t>UiLt>  fat  t'a»  \^  ni  stir  Xir.im^  If  >«*tub.  aaj  K>r 
■Eni>fLai»'  and  «<mi>l  i«;-iaie«  *f  st*  -  Pr^^itoLa^c* '  •»*  lb*  ^Mioo^ 

Jl»t*am ..   iaoOO.O» 

BanctiB»X.M.KV  »    «(H-<-ul  Bi    '    a\>  t  «1   HXt.  ?7 

FTHcediaT*.  To:*  in  iiil  ii«  X3ai.3« 

Eitraa  firaa  Rp»n>  ")*&  46 

Ctnalan X9S 

Lsbek  for  »»niBi*ai  Z.  UK.  81 

Letter  iitJA.  »f  ■nminm  p^U,  and  mt^I  ipn  ITOt.  21 

Blaaka C8X.36 

Cslalag«e  CMd*  SSI  85 

ConsTiMMTil  Be*i>rf9 , 30iO0 


Total  expfaditsre.  Jol;  I.  JW\  m  Jaav  >\  r^n.  for  priat- 

ing,  XatiaMJ  MiLvoM 8,935.3E 

Balaan  Jnlr  L  I8PI l.«*.6B 

rEKEI^S  COU-ECriwX  "T  PkEHISTOKIC  •XPFKK  IMPLEHZXTS. 

Approprialioa  bj  Cooxms  "  t»  ^aablc  lh«  Srcntarr  at  the  ^mithsoiiian 

InMitotioo  to  pBr<rtta«F  from  rmlpriT  S.  Pvikias.  of  Wl«roosiD.  his  rol. 

leetioa  of  pt«hi*t«ric  topper  ialpl^^^l»3^s "    •U'd^iec^T  att,  ^Vptcnber 

30.W80    7,m.W 

F.  8.  Peridni,  eoUffftion  of  prvhUtorir  copper  i=:p>i>«nt# 7,001X00 

(Paid  dinvt  bv  Tmsuy  Drpartmrai  to  F-  S.  ppttons.  - 


Approptiation  by  Codct^s*  *'  for  paymrDis  to  lh«  dancbtm  of  tbe  late 
Jo«eph  Henrr.  SferrtarT  of  th*  SmithMjoian  lDSlitnii>>n.  far  Talnable 
pnblic  aerritft  mtitnA  by  him  ~  •anndty  civil  aft.  Ilanh3,189l) 10,000.00 

Psynient  at  abore  diieet  by  Tntaiirv  IVpartmcot  I*  Mai7,  Hrlru,  aod 
CamliiMHauj.  dMfbt«raof  Prof.  Joseph  UeoTx 14^000.00 
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PURCHASE  IW  THE  CAPKON  COLLECTION  OF  JAPANKSE  WOHKS  OF  ART. 

Appropriation  by  CongreM  "  for  Uio  piiichase  of '  the  Cupruu  C()l!ectii>u  ol 
JapaDCfMi  works  of  art,'  iiow  on  tcuijiorary  deiiofit  !u  the  Katiuoal  Mu- 
watti,  at  Waflliiiigtou,  District  orColiimbia"  (sundry  civil  act,  M inch 
3, 1891} $10, 000. 00 

I'lymeDt  uf  above  direct  to  the  heirs  of  Horace  Capron  by  the  Treasury 
Deputmeut m  000. 00 

OTHER  MUSEUM   APPROPRIATIONS, 

rRESERVATION  OF  COLLECTIONS,  IgeS-'W. 

Bal»Dce,  Jaly  1,  1890,  as  per  last  annual  report $15.18 

ExptDditurca  &om  July  1,  1890,  to  July  1,  1891; 

Snpplie«   *I3.00 

Freight 2.15 

15.15 

Balaoce  July  1, 1891 03 

l'uTi«d,  under  the  action  of  Kevised  StatutuH,  section  .wno,  hj  the  Treiuury  l)i>- 
putment,  to  the  credit  of  the  BitrpluH  fund,  June  30,1891 : 

PRESERVATION  OF  COLI.ECTH>N3,  18W 

Rulance,  July  1, 1890,  as  per  last  annnal  report _ tS,  848.  76 

Eipenditures  Arom  July  1,1890,  to  July  1,  1891: 

Icnrator,!  month $100,00 

1  rollcctor,  *  moutba,  iit  $200 800. 00 

1  copyist,  8  days,  at  $1.50 12.00 

Special-contract  work 63i.  7M 

SI.  540. 78 

Snpplies 317.90 

stationery 7.'>.79 

SpccimoDB 1,  IS'J.  50 

Trarel -    326.39 

Freight M4.27 

Books 190.21 

ExpenditurotoJuly  1,1891 3.^3.84 

Balant-e,  July  1,  1891 14.92 

Stafmeii/  o/  total  ei]>evditiirf<  of  thr  npiiropriation  /or  preiiiTfalion  of  calleelions,  ISSO. 

Eipemliturrx. 
I  Froni  July  1,     From  Ji.ly  1,    -,,»! n„ 


?««l«i» 

»       1-    9» 

H 

Mi&334 

l>t. 

1- 

-  Hi  .allow  «ufo, 
Ill 

3  ,-..>,(,. 

U,y,l,.eoQ,GoD^lc 


Kia'csT  or  TEE.  EiEcrrm:  coMnmrE. 


L  -u-  ibr  aiedji  of  d>r  BOTiditi-  itati.  Jtnw  3('.  HBO. 


IiulaiiFi'  .1ii)t  1.  iK¥i.  nr  jwirlafa  mmDiLl  rrtHin 

£x|>adilDrH.  frm.  .1>i!t  3,  lHWl.  %<i  .ln»r  »L  IMS"!  ; 


. 

■so  « 

T^tnB. 
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But.i«rrp>»ai' 

I«,41 

T-^<«I1n»>  OT^Him 

fulrm—  i"'-^  1    i-^ 
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974.60 

201.00 

60.00 

1,962.00 


BiliDce  Jalf  1,  1S90,  na  per  last  report 

Kipeniltturei  from  Joly  1,  1890,  to  Joae  30, 1891 : 

torgw 

For  tetephonea 

For  electric  work 

For  electric  BUpplies 

For  rental  of  call-boxes 

ForheatiuK  supplies 

Total  eipenditDres 

BilanceJnly  1,1891 


Slalettmt  of  lolal  erpettditurti  of  uppropriatiom  for  keating,  lighting,  etc.,  laso. 


a-a.v 

Froid 

1890, 

3U. 

iS?" 

TotflllnJiine 

1«i 

"mi.  OS 

1U.40 
IKI.OB 

a:  26 

»,.».» 

l,M2!oo 
20-00 

i.m 

ftilSBce  July  1, 1890 (64. 55 

Benuuulug  in  Uuited  States  Treaxurj. 

NATIONAL  ZO«LO«ICAL  P.\SK. 
Organization,  improvement,  and  maintenance. 

Bilsnce  Jnly  1, 1890 $91,081.60 

Eipcnilitnres  from  Jnly  1, 1890,  to  June  30,  1891 : 

Shelter  of  animals $13,631.42 

Shelter,  bams,  cnges,  fences,  etc 8.rt43.33 

KepaiTS  to  Holt  mansioo.  etc 2,000.00 

Artificial  pun aa,  etc 56.16 

^'atet  sapplf ,  xewere,  anil  drainage 657.14 

Bonds,  walks,  and  bridgea 10,244.19 

Uiscellaneous  snpplieo 3,974.90 

Current  expenses 28,432.62 

67,639.66 

Balance  Jnl7  1,1891 23.441.84 
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w-"«  W.2J  ■:(  -'i-  -7.;  ■_-«>oLia    ItvCLCalMik  '•ai'.-La^. aa>l  for  icpuria;^ 

Ili">  if  ;1.^  '-  :..  Lr.;.  »*.•!  ■»■  rk  to  be  d'^oe  nc-ler  th*  ■'ifwrr'.sion  of  the 

«.'r.tir.  I  !!.*:,  v.-i-c  a    1  :■■•  y^nina  o{  th^  i^.p-tiprijii.-o  !■>  V  i**^i  for 
-V--.  ;■.-■•  ia  1.:-  r>»;'  -.  -r  itt  »*;;-=•■>  ia  th--  d^TiCl*.*  ouLa  'u  -.::.!. a:; 

*-:a  Err'...;  u-,  A-.jr.-t  ;5'-  !■«•■ - «r>.lllin.(.' 

Exo-c;.;-.r-.f:'>aA-..-ir.  »■■.  Ir...  t  .J-:.<^:t.  l-.*i : 

A.iv'/-;.-a- flt^ 

rr^r.  t..  •  I  ..i  "::.^-    r,  :i:rfcct    L>U>.i« 

L»-..r --- aM.>«i 

L-.i,"  *r aSK  SI 

t«.r7,j:-  .-'T;  ..- -- - 41. w 

S:*:.   -.er.    :..-.-:  -..  -5' 5..]"i 

Tnit-::-.^f.;'TL— lrt.2i 


K*;»r.-'.'-.:v  1.  i'<^i  . 


pi^rlnn-nl  !■•  tl.-'  ■  t<-i.l  ■■f  tlir  -iirii 

;r;ll 

iiiiT 

;»■,  >.-^\. 

:si*>.  I 

N   ihe  TreMnrj-Ps- 

;.i,r»<. 

.-/<..*. 

.,.. 

.■,VWV. 

|-.i^I«'n.litnri-s  fr..m  .lulj  1.  IN-n,  1. 

•Iiiii^ :»! 

I--" 
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KBCAPITULATION. 
The  total  amonnt  of  funds  admiiiiHtered  by  the  Iiistttution  during 
tUe  year  ending  June  30, 18tfl,  appearn  from  the  foregoiug  HtateinentB 
and  the  uM'ouut  books  to  have  been  na  follows: 


From  b«lan<'e  uf  last  year,  July  1,  1890  (includio);  cnali  ttooi 
fiecutora  of  Dr.  J.  H.  Kidiler,  f5,()00;  iucliiding  cash  fniiii 

giftofDr.Alei.G.B*!!,  $5,000) »30.192.65 

From  interest  on  SmithBooian  fund  for  the  year 42,  IRfl.OO 

Frmuaiiles  of  publications 4tH.36 

Ftdid  repftymeuts  fur  ttvightu,  et« 6,344.01 

Total •79,135.02 

iDtemational  exchnngea: 

From  lialunce  of  year  1888-'89 *21 .  «0 

t'romb«l«n<:eoflast  year,  .Inly  1,  l«fi>-'90 ll.W 

('rum  appropriation  for  1890-'91 17,000.00 

Total *17,o:ra.79 

North  Antericao  Ethoology : 

Froiu  balance  of  Initt  year  ( lK«!i-'90),  Jnly  1,  1890 12, 033.  OS 

Vtoiu  appropriation  for  1K90-"9I 40, 000. 00 

Total 62,033.08 

E'reaervatiun  of  collectionB — Museum : 

Flaia  baliiLiPi!  of  18H8-'89 l.">.  18 

Frombalanceof  1889-'90,  Jnlyl.  1890 3,84«.7« 

From  appropriation  for  1890-'91 140,000.00 

Total U3,Wt3.94 

Printing — Muteuiu : 

From  balance  of  July,  m89-'90,  July  1,1890 64.55 

From  appropriation  of  ie'0-'9I 10,  000. 00 

ToUl 10, 061. 55 

Pnkin's  I'ollet'tioii  of  prehistoric  cupper  implements: 

From  approprialioD  fur  1890-'91 7, 000. 00 

Total 7.000.00 

Fnmituru  and  fixtures — Maseum: 

Kmiii  balance  of  1NK9"'90,  July  1,  1890 1.192.41 

From  apptopriatiim  fur  1KHU-'91 25,  OCO.  00 

Total an,  192.41 

Hi^tting,  lighting,  etc.— Mnaeiim : 

Kruiii  balance  of  I«e8-'MI 3.99 

>'n>mbnI(mceof  1889-'90,  .Tuly  I.  ISM) 2.327.15 

From  appropnation  for  1890-Ttl 12, 000. 00 

Total 14,331.14 

Pottage— Museum: 

FromUalaneeofl889-'90,  July  1,1890 500.00 

From  appropriation  for  18l«)-'91 ™**'*'  C    (H)^  Ic 

Total 


10.* 
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Natiouol  ZaTiltigirnl  I'lirk: 

Prom  b«l»Jme  of  l8«0-'90,  July  1,  1890 *91,081.60 

ttoni  appropriation  for  18!K)-'91 SO,  500. 00 

Total «1*1, 681.60 

tiMithaooiuiIiiRtitutioii— BuililiugrepRirs: 

F'WMn  BpproprialiuD  for  18aO-'91 25. 000. 00 

ToMl  . : 2f.,  000. 00 

lteiLriil«*s  at  the  lati>  Josepli  Heury.  Sffn-tary  of  the  .SuiitUsouiuu  Iii- 

Pma  appropristiou  Mart' h  3,  1891 10,000.00 

r«l>-k>»«  of  the  C'aprou  collei-lion  of  Japauoeu  works  of  art ; 

F.v«  «ppfopriation  M»rib  3.  1891 mOOO.OO 


?«:iiH«uaiiiMtitntion ♦T!),1K.02 

tstiaMM 17,033.79 

Eil*.-^.!^ 52,083.08 

rtwnT»iioBofc.ll«-tions US,  863.  W 

rin,:««w  ana  6stiire» 26.192.41 

K«M;ur  ai..I  lighting H,  331. 14 


rriiune 10,0W.K 

IVttiu  rt.:ift  lion 7, 000. 00 

I, -Vx^J  Ittik Ul,58l.50 

Su..iliiauui  UuiMiQ):  rrpnirt 25,000.00 

Ituurhivnnf  Jowph  Hpiiry 10,000.00 

1  »j«™.  (v."J«lirtn 10,000.00 

637,2^.13 

Il»«  oomBitt««  hits  examiued  the  voncliers  for  payroente  maile  from 
tbe  Siniili!*»nian  iiHimit'  during  tlie  ye;tr  ending  .Tniip  30,  ISill,  hII  of 
vlikl  bear  ibe  apimtvat  nf  tlie  Swretary  of  tiio  Institotioti,  or,  in  bisnb- 
woKv.  fif  The  Ai^-y-tant  Se<ivli»ry  us  Aoliiig  s>e<Tetary. and  a  certificate 
that  lb*  iiu4i«iiU9  and  services  t-liargtnl  wire  applied  to  the  purposes 
4rf Ti>e  iiiT.!iioii'>n, 

T^  e«niniiit<ie  has  alw  examined  the  a<tx»nHf>  of  the  ••  Inteniational 
Exchaiiirt*-"  and  of  the  "Nalioiml  Mus«'nni,-  and  of  the  ''Natioual 
ZiM'iiopcal  Talk,"  and  l]nd,'ilh;tt  the  Ikaljnu-.  s  aliove  given  correspond 
mtb  li»e  <'en:iii-a:e>  of  the  di:-liursing  rlerk  of  the  Sniithsoniau  Insti- 
TnTtou.  •rlmse  a}'p.':;ilii»i''it  as  smh  dislmrsirifr  "ffii-er  was  aucepted  and 
Ji]!-  ii.iriils  nj'pn'vt^i  by  liu'  Setn-lary  of  the  Tn-a.-inrj-. 

Tim-  (.iiiirw.r;r»<x>^nnts<iinvnt,  Uif  vonohers.  ^udjonmals  have  been 
j»tnTn-iwd  ai-d  fonnd  c<*ryti-t. 

AlT'b*- 111-3  sftssi.m  I'l  (■-■•iirri'.-sa  «!!:iii;;e«asni.4de  inthe  phraseology 
rftbe  ii:t:<r.>}inan.»n  nMde  f.if  <;'.i:i.i:.>;riiMl  n's*,trohes  (or  the  Borean 
«f  yT^iTn.'itfnr  ^  Herfiot":v  '<hf  ai'imii'riaii.in  was  iilaced  nnder  tbe 
dirarli(«  *•(  ibe  -SecivT^Tv  oi  iJ.c  ^niih-^-iian  Insiimrion."  and  the 
BxeniliveCt^iBince  do  >..<d  itui:  ii  «.-)si.<>t  itn-ir  pro\iDce  toexauiiie 
thevo»  yf'i'  !i'<i."'^Tr.i.i-'i-'fo\'.H'!»litiin"iait<HttIance  sheets 

were  rwi  <;-:ii:ifTly.     Tin'  e\i«'ndilnres  were  Bunle  by  the 
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ilUbiirsiiig  clerk  wf  the  Biireaii  of  Ktlimilogy,  n  bniiilml  officer  approved 
as  such  liy  the  Treasury  Department,  and  liad  the  iipproval  of  M^. 
?» veil,  the  l>ire<-tor  of  tlie  Hiireaii,  and  al«)  of  the  Secretary  of  the 
Iiistitutiou. 

The  appropriation  for  ISlHt-'lU  han  been  plikced  by  Coii^'eas  "  under 
the  direction  uf  the  Smithsonian  Institution,"  and  the  comiuitt^e  do- 
<'ided  that  the  acconnts  aud  vouehern  should  be  examined  by  tliem  in 
the  sfline  manner  as  other  e.\i>en(Iituro»  for  w^liich  the  Regenta  of  the 
Iiietittilion  are  in  any  defjrec  n*s]Minsible. 

The  disbursement  of  the  balance  of  last  year's  appropriation  lias  con- 
tinued in  the  hands  of  the  disbursing;  eh'rk  of  the  Bitreau  (Mr.  J.  I>, 
McChesney),  but  those  of  the  new  appropriation  will  be  made  by  the 
disborsing  clerk  of  tlie  Kmithsoniaii  Institution  (Mr,  W.  \V.  Karr),  ac- 
veptcd  as  a  bonded  oflScer  by  tlie  Se<rretary  of  the  Treasury. 

Slatttteut  0/  rrguhir  iKcaate/raiH  tie  Sai»lhao«iaii  /uiil iirnilable for  aie  in  ike  i)»aT ending 
June  Sli,  in;i?i. 

lUlatueoDLanilJuiieSO,  1B!>1  (jnrliidiiiKtbecaHli  from  oxecii- 

tonafDr.J.H.Ki(ia«r,«),000;  JiirlinliDgtbecoalifroDiAIex. 

Graham  Bell,K,O00) $40,062.11 

latent dne  and  recuivuble  July  1,1891 «21,090.00 

Intennit  dne  and  receivable  January  1,IB92 21,090.00 

42,180.00 

ToUlftvailablufiirjearomliuK  Jim«30,  1892 82,242.11 

Bespectfully  Bubmittcd. 

James  C.  Wblliso, 
Henrv  COPPIJB, 
M.  O.  MBiua, 

ExefttHve  CommUle': 
WABHiNGroK,  D.  C,  OcUiber,  1891. 
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ACTS  AND  RESOLUTIONS  OP  CONGRESS  RELATIVE  TO  THE  SMITHSONIAN 
INSTITl'TION,  NATIONAL  MIISEDM,  ETC. 

(In  I'ontin nation  from  previoiia  reporhi.) 


[Fifty-first  Coiiitress,  (m^oiuI  seiiaion,  1890-'91.] 
SMITHSONIAN     INSTITITION  : — INTERNATIONAL   KXCIIANGES. 

For  expenses  of  tlie  system  of  iuternatiouKl  exchaiiKes  between  the 
United  States  and  foreifni  countries,  under  tlie  direction  of  tlie  Smith- 
Bonian  lot^titution,  iticliidtng  salaries  or  compeusation  of  all  necessary 
eiuployees,  i^eventeeu  thousand  dollars.  (Sundry  civil  appropriation 
act,  approved  March  3, 1891.) 

r.  jS,  Geological  Survey:  For  the  purchase  of  necessary  books  for 
tbe  library  and  the  payment  for  the  transmission  of  public  documents 
throujih  the  Smithsonian  exchange,  two  thousand  five  hundred  dollars, 
(Sundry  civil  appropuatiuu  act,  approved  March  3, 1S!)1,) 

War  Department:  For  the  transportation  of  reports  and  maps  to 
foreign  countries  through  the  Smithsonian  Institurion,  one  hundred 
dollars.     (Sundry  civil  appropriation  act,  ajiproved  Marcli  3, 1891.) 

To  pay  the  Chicago,  Kock  Island  and  Pa<;ific  Itailroad  Company 
amount  found  due  by  the  accounting  officers  of  the  Treasury  on  account 
of  international  exchanges,  Smithsonian  Institntion,  heing  for  tlie 
wrvice  of  the  fiscal  yesir  eighteen  hundred  and  eighty-nine,  sixty-six 
eeuts.  I  Deficiency  act,  Ch..'>40,  Statutes,  p.  8(M).  Approved  March  3, 
1891.) 

Library  of  Congress:  For  expenses  of  exchanging  public  documents 
for  the  publications  of  foreign  governments,  one  thoumantl  five  hundred 
dollars.  (Legislative,  exe<',utive,  and  judicial  act,  Ch.  541,  Statutes, 
page  914.    Approved  March  3,  1891.) 

Naval  Obnervntory:  For  repairs  [etc.,  etc.],  •  •  •  including  pay- 
ment tj  Smithsonian  Institution  for  freight  on  observatory  i>ublications 
aeut  to  foreign  countries,  postage,  expressage  [et<;.,  etc.),  tour  thousand 
five  bnndred  and  fifty  dollars.  (Legislative,  executive,  ancl  judicial  act, 
Cli.  541,  Statutes,  p.  935.     Approved  Marcli  3,  1891.) 

Vnited  St^tfs  Patent  Office:  For  purchase  of^  books,  aixl  expenses  of 
transporting  publications,  patents  issued  by  the  Patent  Oftiee  to  foreign 
(pivernmcnta,  three  thousand  dollars.  (Ijegislative,  executive,  and  ju- 
dicial act.  Oh,  S41,  Statutes,  p.  93!),     Approved  Mar.  3, 1891,1 
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Xl.ll  ACTS   AM)    KESOLUTIOKS   UF    COSGKESS. 

IT.   S.  NATIONAL    MrSEITI. 

For  t:4)iitiiiaiiig  tbe  preservation,  exhibition,  and  increase  of  tbe  col- 
Uu-tionK  from  tbe  norvcyinfr  and  expioritig  expeditious  of  tbe  Goveni- 
iiieiit,  and  fniiii  other  Kourves  iiichiding  salaries  or  compensation  of  ail 
neceHKary  employees,  one  hundred  and  forty-live  thnnBand  dollars. 

For  CiiM-H,  furniture,  fixtures,  and  appliances  required  for  the  exlii- 
hitioii  aud  safe  keepint;  of  the  collections  of  the  National  Museum,  iii- 
cltidinftsalancsorconipensatien  of  all  net-essary  employees,  t wen ty- 
Avft  tbouHand  dollars. 

For  exi»ent4e  of  heating,  lif^liting,  electrical,  telegrapliiv,  and  tele- 
Iiboni^:  Hervii-e  for  the  Katiomtl  Miiseunt,  twelve  thousand  dollars. 

For  removing  old  boilers  under  Museum  hall  in  Smithsonian  Bnild- 
inj;,  n-jdaciiifc  them  with  new  ones,  and  for  ne<-essary  alterations,  and 
connections  of  steam  beating  apparatus  and  for  covering  pipes  with 
ttrcproof  material,  three  tliousaiui  dollars. 

For  removing  the  decayed  wooden  tloors  in  the  Museum  building, 
MiitiKtituting  granolithic  or  nrtificial  Ktone  therefor,  and  for  slate  for 
covering  trenches  containing  heating  and  ele<>tri<^  apparatus,  iaelnding 
all  net'CRsary  material  and  laWr,  to  be  immediately  available,  five 
thousand  dollars. 

For  the  purchase  of  "the  Oapron  collection  of  .lapanese  works  of 
art,"  now  on  temporary  deiwsit  in  tbe  National  Museum  at  Washing- 
ton, District  of  (Columbia,  ten  thonsand  dollars. 

For  jioKtage  stamps  and  foreign  i>ostal  cards  for  the  National  Mu- 
M>um,  live  hniidred  dollars. 

For  payment  to  the  daughters  of  tbe  lute  Joseph  Henry,  Secretary 
of  the  Kmithsrniian  Institution,  for  valuable  public  services  rendered 
by  him,  ten  thousand  dollars.  (Sundry  civil  appropriation  act,  ap- 
proved Mar. .'(,  IHill.) 

I'lihlii'  I'rmler:  For  tbe  Sinitbsoniau  Institution  for  ])rintiug  for  the 
use  of  the  National  Mns4'uni  not  exceeding  one  thousand  dolhu^ 
(Ili-heiencv  act,  ( Mi.  r>40,  Statutes,  p.  887.     Approved  March  3, 1891.) 

f'nIiUc  I'rintiiiff  and  liintUng:  Foi'  the  SmitliHonian  Institution  for 
printing  labels  and  Idanks  and  forthe  '-Bulletins"  and  annual  volnineH 
of  the  "  l*n)ceedii]gs"of  theNational  Museum,  Hfteen  thousand  dollars. 
(HiwKliy  civil  appnijiriation  act,  approved  March  3, 18!>1.) 

To  meet  cuHtoins  duties  on  glaKS,  tin,  and  other  dutiable  articles  smd 
NiiiipIb^H  linport'Cil  for  the  I'nited  States  National  Museum,  one  thousand 
dolhirN.  (Itefloieiicy  a<'t,  Ch.  TiiO,  Statutes,  p.  860.  Approved  Marc^h 
.1,  181)1.) 

NOKTU    AMERICAN   ETHNOLOGY. 

For  cfuitinning  etbriologicalreseiirches  among  tbe  American  Indians, 
under  tbe  direction  of  Ibe  Sniitloionian  Institution,  including  suliiries 
or  i-»iii|HinHiition  cd'  nil  neceswtry  employees,  fifty  thousand  dollars. 
(Hnniliy  civil  nppropriatimi  act.  appntvcd  Mareb  ;t,  18!)!.) 

NATIONAL   ZOOI.or.lCAL   PARK. 

l-'oi'  I'ontliniliig  lln^  const  ruction  of  roads,  walks,  bridges,  water  sup- 
Illy,  H'Wt'rnge,  uikI  druinnge,  und  for  gnidiug,  {danting,  and  othenvi^e 
lliipruviiig  (he  gi'oiiiidsof  the  National  Zoological  Park, including  s^la- 
I'leMoi'  I'oirijiehHittlon  of  all  nectv^sary  employees,  fitleen  thousand  dollars. 
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For  erecting  and  repairing  biiitdiiigs  and  iiielo»ures  for  animals  and 
Tor  administratiTe  puri)OBe8,  iu  tlie  national  ZoologicjU  Park,  inchidin;; 
salaries  or  compeuBation  of  all  necessary  employees,  eighteen  thousand 
dollars; 

For  care,  sabsistence,  and  transportation  of  iiiiimal8  for  tlie  Xational 
Zoological  Park,  and  for  ibe  purpose  [purt;liaHe]  of  ■'ai'e  Bpeciuienij  not 
otherwiseobtainable,  including  salariesorcouipeuHiition  of  all  neceamiry 
rmployee^,  and  general  iucideiital  expeiiBe«  not  otliei'wise  provided  foi', 
seventeen  tUousand  five  hundred  (lollars;  in  all,  fifty  tboiuiand  five 
hDDdred  dollars,  one-half  of  whicli  8uin  nhall  be  paid  fioin  the  revennea 
of  the  District  of  Columbia  and  the  other  half  Itom  the  Trea.'^ury  of  the 
United  States.    (Sundry  civil  appropriation  act,  approved  Uarvh  3, 


ASTRO-PHYSICAL   OBSERVATORY 

For  maintenance  of  astro-physical  observatory,  under  the  direction 
of  the  Smithsonian  Institution,  inclading  eiularicsof  assistants  and  the 
purchase  of  additional  apparatus,  ten  thounaud  dollars.  (Sundry  civil 
appropriation  act,  approved  March  3, 18i)l.} 

world's   COLUMBIAN   EXPOSITION. 

OOTEBNMBNT  EXHIBIT.  For  the  selection,  purchase,  preparation, 
and  arrangement  of  such  articles  and  materials. as  the  heads  of  the 
several  Executive  Departments,  the  Smithsonian  Institution  and  Na- 
tioual  Museum,  and  the  United  States  Fish  Commission  ma;  decide 
shall  be  embraced  in  the  Government  exhibit,  and  sat-h  additional  ar- 
ticles as  the  President  may  designate  for  said  Exposition,  and  for  the 
employment  of  proper  persons  as  officers  and  assistants  to  the  Board 
of  Control  and  Management  of  the  tJovernment  exhibit,  appointed  by 
the  President,  of  which  not  exceeding  five  thousand  dollars  may  be 
eipeuded  by  tiie  said  board  for  clerical  services,  the  sum  of  three  hun- 
dred and  fifty  thousand  dollars  is  herclty  appropriated  for  the  service 
of  the  fiscal  year  ending  June  thirtieth,  eighteen  hundred  and  ninety- 
two,  and  any  moneys  heretofore  appropriated  in  aid  of  said  Government 
eihihit  may  be  nsed  in  like  manner  and  for  hke  piirpoMes:  Provided, 
That  all  expenditures  made  for  the  purposes  and  from  the  appropria- 
tiou  herein  specified  shall  be  subject  to  the  approval  of  the  said  Board 
of  Control  and  Management  and  of  the  Secretary  of  the  Treasury,  as 
now  provided  by  law, 

Wohld'b  Columbian  Commission.  For  the  World's  Columbian 
Commission,  ninety-five  thousand  five  hundred  dollars,  of  which  sum 
thiity-six  thousand  dollars  shall  be  used  for  the  Board  of  Lady  Klan- 
agers. 

For  expenses  connected  with  the  admission  of  foreign  goods  to  the 
Exposition,  as  set  forth  in  wction  twelve  of  the  a«^t  creating  the  Com- 
mission, approved  April  twenty-fifth,  eighteen  hundred  and  ninety, 
twenty  thonsand  dollars; 

For  contingent  expenses  of  the  World's  Congress  Auxiliary  of  the 
World's  Columbian  Exposition,  two  thousand  five  hundred  dollars. 

And  the  several  sums  herein  appropriated  for  tlie  World's  Colum- 
bian Exposition  shall  he  deemetl  a  pai't  of  the  sum  of  one  million  five 
hundred  tboui^nd  dollars,  the  limit  of  liability  of  the  United  States 
on  account  thereof  fixeil  by  the  act  of  April  twenty-fifth,  eighteen 
huDdred  and  ninety,  authorizing  said  Exposition.  (Sundry  civil<  hj^)^^' 
priation  act,  approved  Mai-ch  3,  msi.) 
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REPORT  OF  S.  P.  LANGLEY, 

SECEETAEY  OF  THE  SMITHSONIAN  INSTITUTION, 
FOB  THE  YEAR  ENDING  JUNE  30.  1891. 


To  tke  Board  of  Reyetitu  »/  the  Smithsonian  Institution: 

Gentlemen:  I  huva  ttie  honor  to  Habtuit  herewith  my  report  for  the 
fear  ending  June  30,  1891,  of  tlie  operations  of  the  SmithsoDian  Insti- 
tntion,  including  the  work  placed  by  Congress  nnder  its  charge  in  the 
yatjonal  Museum,  the  Bureau  of  Ethnology,  the  International  Ex- 
changes, the  National  Zoological  Park,  and  the  Astro-physical  Observ- 
atory. 

I  hare  spoken  personally  and  briefly  of  matters  of  chief  importance 
concerning  these  various  Bureaus,  and  have  then  added,  for  the  sake  of 
completeness,  detailed  reports  from  the  Bui-ean  of  Ethnology,  the  lu- 
t^rnational  Exchange  Bureau,  the  Library,  the  National  Zoological  Park, 
and  the  Editor  in  charge  of  Publications,  which  are  contained  in  the 
Appendix.  The  work  of  the  National  Museum  is  reported  on  at  length 
in  a  separate  volume  by  the  Assistant  Secretary  in  charge. 

THE  SMITHSONIAN  INSTITUTION. 
THE  ESTABLISHMENT. 

I  have  to  record  a  change  in  the  estabhshment  during  the  year,  in 
the  death  of  the  Hon.  William  Windom,  Secretary  of  the  Treasury, 
on  29th  January,  1891,  and  the  appointment  of  his  successor  to  the 
Secretaryship,  the  Hon.  Charles  Foster. 

THE  BOABD  OF  REQENTB. 

In  accordance  with  a  resolution  of  the  Board  of  Eegents  fixing  the 
time  of  the  stated  annual  meeting  of  the  Board  on  the  4tL  Wednesday 
«f  January  in  each  year,  the  Board  met  on  January  28,  1891,  at  10 
o'clock  a.  m. 

The  Hon.  Charles  Devens,  of  Massachusetts,  whose  appointment  as  a 

member  of  the  Board  by  joint  resolution  of  Congi-ess  on  May  22, 1890, 

was  noted  in  the  report  for  Inst  year,  formally  decline<l  the  appointment 

pa  account  of  a  provision  in  the  constitution  of  the  State  of  Mjwsacho- 

H.  Mis.  334,  pt.  1 ^1 
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Betts  whereby  joBtices  of  the  supreme  judicial  courtot'the  Gommouwealtli 
are  rendered  iucapable  of  holdiug  any  plnce  or  office  from  any  other 
State,  Government,  or  jwwer  whatever.  I  regret  to  add  that  Judge 
Devena  died  on  the  7th  of  January,  1891, 

The  vacancy  in  the  Board  ha«  not  yet  been  filled. 

The  Hon.  George  Bancroft  and  Gen,  William  T.  Sherman  have  died 
during  the  year.  The  lives  of  these  two  eminent  men  have  made  their 
loss  a  national  one,  so  widely  known,  and  accompanied  by  obituary  no- 
tices so  general  and  so  complete,  that  to  repeat  them  here  would  be  a 
work  of  superfluity.  Reference  is  made  to  them  elsewhere  in  the  nee- 
rologie  notices  only  so  far  as  relates  to  their  connection  with  the  Board 
of  Regents. 

Mr.  Justice  Miller,  whose  death  occurred  on  the  16th  of  November, 
1890,  is  also  to  be  mentioned  here,  haying  been,  as  acting  Chief  Justice, 
elected  temporarily  Chancellor  of  tlie  Board.  He  served  in  this  capac- 
ity from  March  27, 1888,  to  January  9,  1889.  It  would  be  superfluous, 
as  in  the  former  cases,  to  do  more  than  to  note  the  fact  and  with  it  to  re- 
call the  sincerity  of  the  respect  and  the  warmth  of  the  regard  which  all 
felt  for  him  who  knew  him  in  this  or  in  any  other  capacity  of  his  eminent 
official  life. 

ADMINISTEATIOK. 

I  wish  again  to  remark  that  the  great  extension  of  the  interests  cou- 
pled to  the  Institution  make  the  duties  of  the  Secretary  and  bis  assist- 
ants altogether  dififerent  from  what  they  were  in  its  early  history.  The 
change  brought  about  by  constant  growth  of  its  activities  has  been  so 
uniform  in  its  progression  that  there  has  been  no  particular  moment  at 
which  it  seemed  possible  to  say  that  the  burden  of  the  work  had  grown 
to  transcend  wholly  the  means  for  eflecting  it.  At  present  I  feel  confi- 
dent that  I  am  justified  in  saying  that  such  is  tlie  case,  and  that  some 
provision  must  now  be  made  for  enabling  the  Secretary  and  his  imme- 
diate assistants  to  have  additional  aid  in  this  administration  of  the 
affairs  of  the  General  Government  from  some  source  not  provided  for 
out  of  the  already  insufficient  funds  of  the  parent  institution. 

This  institution  administers  large  Government  interests,  while  no  ap- 
propriation lias  been  maile  by  Congress  for  the  expense  of  such  admin- 
istration, such  as  is  ma4le  in  all  other  analogous  cases,  aud  this  expense 
is  (lireetly  rei>reseuted  by  an  increment  of  the  expenditure  of  the  parent 
institution,  chiefly  under  the  heiul  of  siUaries,  which  are  not  needed  for 
the  puriwaes  of  the  original  fund  alone. 


1  have  in  a  pro\ious  report  referred  to  the  fact  that  owing  to  the 
oboDgiDg  value  of  money,  the  purchasing  power  of  the  Smithsonian 
flmd,  in  tite  language  of  a  eommittee  of  the  Regents — 

Jflied,  is  gi-owiiin  actuallv  leas  year  by  year,  and  of 
'n  tho  work  it  accomplishes  with  refcreucc  to 
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the  immense  ext«Q»ion  of  the  (country  aluce  tUo  Government  accepted 
tlie  trust;" 

so  that  it  seems  most  desirable  tliut  tlie  fund  should  be  enlarged,  if 
only  to  represent  tbe  original  position  of  its  ftuauecs  relatively  to  tUose 
of  tbe  country  and  institutions  of  learning. 

Everj-thing  which  has  oceurred  since  this  Wiw  written  increases  the 
foR'e  of  the  observation.  I  only  remark  upon  it  here  to  say  that  I  have 
taken  some  pains  to  invite  tbe  attention  of  those  who  are  seeking  a 
tmstee  for  the  disposition  of  means  intended  for  the  advancement  of 
knowledge,  to  the  especial  guaranties  for  security  offered  by  the  admin- 
istration of  the  Regents. 

It  ia  proper  to  mention,  in  this  connection, thatlbaveduringthe  past 
year  come  into  communication  with  a  gentleman  who  desires  to  donate 
$200,000  to  the  fund,  jirovided  he  can  do  so  on  certain  conditions,  with 
regard  to  which  I  have  not  felt  myself  authorized  to  act  withont  cod- 
■lilting  the  Regents,  and  as,  nevertheless,  they  can  not  be  assembled 
doriug  the  present  year,  I  have  taken  tlie  unusual  step,  justified  by  the 
occasion,  of  telegraphing  to  each  individual  member  of  the  body  to  ask 
his  opinion. 

Favorable  opinions  have  been  received  in  answer  to  this  from  nearly 
all  the  Regents  and  I  may  anticipate  a  statement  pn>perly  belonging 
Ui  a  later  report  when  I  say  that  the  sum  in  question  has  since  been 
placed  in  my  bands  by  the  donor,  Mr.  Thomas  G.  Hodgkins,  of  Setau- 
tet.  Long  Island,  to  be  tendered  to  the  Regents  at  their  next  meeting. 

The  invested  funds  of  the  Institution  are  as  follows,  being  in  the 
same  condition  as  in  my  last  report: 

B«qne«t  of  StDithwD,  1846 tel5, 169. 00 

R««it]aaTj  legacy  of  Sinithson,  1867 26, 210. 63 

Deposits  tram  Bavings  of  iucome,  Ptr.,  1867 108, 620. 37 

Bequmt  of  James  Hamilton,  1871 1,000.00 

Bequest  of  Simoon  Habel,  1880 500. 00 

Depositsfromproceeilsof  Bale  of  bonds,  1881 51,500.00 

Total  permanent  Sid  it  liHouian  fund  in  the  TreasiiTf  of  the  United 
States,  bearing  interest  at  6  per  cent  per  annum 703,  000. 00 

At  the  beginning  of  the  fiscal  year  the  balance  on  hand  was  $30,192.65. 
Interest  on  the  invested  fund,  amounting  to  $42,lti0,  has  b(*n  received 
from  the  Treasurer  of  the  United  States  during  the  year,  and  from  sales 
of  publications  and  miscellaneous  soun-es,  including  rcpaj'ments  on  ac- 
wnnt  of  international  exchanges,  §6,702.37,  making  a  total  of  $79,135.02. 

The  total  expenditures,  as  shown  in  detail  in  the  rei>ort  of  the  exec- 
ative  committee,  have  been  $39,072.91,  leaving  an  nnexi>ended  balance 
on  Jnne  ;«),  1891,  of  $40,002.11.  This  includes  a  sum  of  $10,000,  the 
amonnt  of  a  bequest  of  $5,(KI0  from  the  late  Dr.  J.  H.  Kidder  and  a 
donation  of  a  like  amount  from  Dr.  Alexander  G^raham  Bell  personally 
tfl  the  Secretary  for  physical  investigations,  which  was,  with  the  donor's 
consent,  deposited  by  the  Secretarj' to  the  credit  of  the  funds  of  the  J»»|c 
.stitntion  subject  to  order.     Neither  of  these  sums,  then,  tbrms  a  portiob 
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of  tlie  iuvested  funds,  aud  hotli  have  beeu  held  in  tlie  hope  that  Cod-  ; 
gress  would  later  proyide  ai:ite  for  a  pi^rmaiient building  fur  the  astro- 
physical  observatory,     Tlie   balance   then  available  for  the  general  1 
purposes  of  the  Institution  on  July  1,  189],  was  $30,062.11,  but  this  is  ' 
in  part  held  against  various  liabilities  for  scieutiflu  purposes.  I 

The  Institution  Livs  been  charged  by  Congress  with  the  disburse- 
ment^  during  the  year  of  the  follo^ving  appropriations : 

For  internstioual  esrhanjjes $17, 000 

For  fithuological  resentohes 40, 000 

For  National  Musi-iim : 

Preseryation  of  cfillectiont. f  140,000 

Furniture  aufl  tixtureu 25, 000 

Heating  and  lighting - 12,000 

Postage 500 

Printing 10,000 

Perkin's  colleotiou  prehistoric  copper  implementit 7,000 

For  Smithsoniivn  InHtitatiou  STiiliUug  repairs 25,000 

To  these  should  be  aiblwl  the  unexpended  balance  of  the  special 
appropriation  of  892,000  raa^Ie  April  30, 1S90,  for  the  National  2k»ologi- 
cal  Park. 

The  vouchers  for  the  disbursement  of  tlitse  appropriations  have  been 
examined  by  the  executive  committee,  and  tlie  various  items  of  expend- 
iture are  set  forth  in  a  letter  addressed  to  the  Si>eaker  of  the  House  of 
Representatives  in  accordance  with  a  provision  of  the  sundry  civil  act 
of  October  2, 1888,  while  the  expenditures  from  the  Smithsonian  fund 
have  likewise  been  examined  and  approved  by  the  executive  committte 
and  are  shown  in  their  report. 

I  may  here  call  attention  to  a  change  in  the  phraseology  of  the  sun- 
dry civil  act  making  appropriation  for  ethnological  researches,  whereby 
the  appropriation  is  plw^d  "under  the  direction  of  the  Smithsonian 
Institution,"  instesid  of  in  the  charge  of  the  "  Secretary  of  the  Smithson- 
ian Institution,"  as  heretofore.  The  vouchers  from  the  Bureau  of  Eth- 
nology are  therefore  now  scrutinized  by  the  executive  committee,  as  are 
all  other  expenditures  of  the  Institution. 

The  estimates  for  the  fiscal  year  ending  Juno  30,  1892,  forwarded  to 
the  Secretary  of  the  Treasury  under  date  <»f  October  20,  1890,  were  as 
follows : 

lDt«mational  exrhnngeii (32,400 

North  American  elhuology 50,000 

National  Museum : 

Preservation  of  collections 180,000 

Heating  and  lighting 15, 000 

Furniture  ond  lixtureti 30,000    1 

Printing  ami  liinding 19,000    ' 

PoBtiige 1,000 

Customs  duties  on  (lass,  tin,  etc 3,000 

Beplaclng  old  boilers,  etc 3^000    i 

~    "    *  BTTooden  floctr  with  gi'unolithic  or  artificial  stone 5,000   ; 

■rk 101,350    j 

■ry lO^OOO   1 
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mni.niNiis. 

I  most  Again  urge  upon  the  atteutioii  iif  the  Regents  the  ever-incrp-an- 
iDg  uecessity  for  relief  from  the  oven-rowdcd  voiidition  of  the  National 
MuM-om.  The  lack  of  more  adequate  n«oommiKlatiou  has  been  even 
more  forcibly  presented  than  ever  before  in  making  the  neefiBsary  prep- 
arations for  the  MuBeum  exhibit  at  the  World's  Columbian  Exposition 
in  Chicago. 

The  present  Museum  buildiug  wa^  finished  and  occupied  in  1881.  The 
collections  increased  so  rapidly  that  as  early  a»  1S83  the  Kegents,  at 
their  meeting  of  January  17,  i'eci)mniended  to  Congress  the  erection  of 
a  new  building. 

Since  I8S3  the  collections  have  again  increased  to  such  an  extent  that 
a  new  building  as  large  as  the  present  one  coald  now  be  practically 
filled  with  materiiil  held  in  storiige,  and  I  can  only  repeat  with  increased 
emphasis  the  closing  st^ntence  of  my  letter  of  January  21,  1800,  to  the 
lion.  Leland  Stanford,  Chairman  of  the  8enat«  Committee  on  Public 
Buildings  and  Grounds,  "  that  tmless  more  space  is  provided  the  de- 
velopment of  the  Government  collci-tion,  which  is  already  partly  ar- 
rested, will  be  almost  completely  stopi)ed.'' 

Plans  for  a  new  museum  building  of  two  stories  and  basement  were 
laid  before  the  Board  in  January,  1890,  and  on  February  19, 18!)0,  a 
bill  appropriating  $.'300,000  was  rc]>orted  by  Senator  Morrill  from  the 
Senate  Gomuiitt'ee  on  Public  Buildings  and  Ground.'^  and  jiassed  the 
Senate  on  April  5,  1890.  This  bill  wsis  favorably  rei)orted  fiom  the 
Hoose  Committee  on  Public  Buildings  and  Grouuds  January  0, 1891, 
bnt  at  the  close  of  the  session  it  had  not  conio  before  the  House  for 
action. 

An  appropriation  of  *2i»,000  for  fire-proollng  the  so-called  chapel  of 
the  west  wing  of  the  Smithsonian  Building  and  for  repairing  the  roof 
of  the  main  building  and  the  ceiling  jind  phi^tering  of  the  main  hall  of 
the  bnilding,  having  Income  available,  plans  for  the  coutemjdated  im- 
provements were  prepared  by  the  Anrhiteet  of  the  Capitol,  as  diret^ted 
by  Congress,  and  work  was  begun  in  April,  1891.  The  old  roof  of  the 
chapel  was  entirely  removed  and  replaced  tenip^uarily  by  a  wooden  cov- 
ering for  the  protection  of  the  specimens  contained  in  this  part  of  the 
building.  By  the  end  of  June  gratifying  progrej*s  bad  liecn  made 
towards  the  construction  of  a  safe,  substantial  iron  and  slate  i-oof. 

This  appropriation  of  $23,000  was  but  a  portion  of  the  sum  asked  for 
to  be  used  not  only  for  flre-prnoflng  the  cha])el  and  repairing  tlie  roof 
of  the  main  building,  but  also  for  making  other  repairs  ni)oii  the  build- 
ing, more  especially  in  making  more  suitable  ])rovision  for  storing  and 
handling  the  Government  .documents,  the  distribution  of  which  Con- 
gress has  intrusted  to  the  Institution.  Under  the  wonling  of  the  appro- 
piiatiou  act  it  was  found,  however,  that  the  exiHmditure  of  the  ajtpro- 
priatioDwascon&ued  to  the  two  items  mentioned  above.    Ihaveref^qrabj^ 
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elsewhere  in  this  report  to  the  special  needs  of  tbe  exchange  depart' 
meiit,  on  account  of  the  oveicrowded  condition  of  the  store-rooms  occu- 
pied by  the  Oovemment. 

The  new  buildings  ere<rt«d  <»r  in  process  of  erection  for  the  collection 
of  living  animals,  l>eing  all  in  the  Zo'ilogiciil  Park,  are  mentioned  in  the 
rejM>rt  upon  the  park. 


I  am  gratified  to  report  that  it  has  been  possible  by  redncing  ex- 
penses in  other  directions  to  revert  in  some  measnre  to  an  early  prac- 
tice of  the  institution,  eminently  consonant  irith  its  founder's  pm-posr, 
that  of  ofifering  aid  in  original  research  to  certain  investigations  of 
much  importance  which  were  hindered  by  lack  of  means. 

Among  the  special  grants  may  be  named  that  of  $50U  to  Prof.  A.  A. 
Michelsou,  of  Clark  University,  for  continuing  his  important  work  upon 
a  universal  standanl  of  measure  tbundeil  on  the  wave-length  of  light; 
also  a  sum  of  *600  placed  at  the  disposal  of  Prof.  E.  W.  Morley,  to  pro- 
cure a  special  apparatus  for  determinations  of  the  density  of  oxygen 
and  hydrogen,  an  investigation  requiring  extreme  precision  and  delicacy 
of  manipulation,  and  promising  resnlts  of  wide  ai)pli<-ation ;  while  $300 
was  placed  at  the  disposal  of  Dr.  Woh-ott  (Jibbs,  for  investigations 
at  his  laboratory  in  Newport  upon  chemicsU  compounds. 

To  Prof.  E.  S.  Ilolden,  director  of  the  Lick  Observatory,  California, 
a  grant  of  $200  was  made,  to  assist  in  perfecting  his  apparatus  for 
securing  photographs  of  the  moon.  The  results  of  his  studies  in  tliii* 
field  Prof.  Ilolden  has  offered  to  place  at  the  disposal  of  the  Smitt- 
souian  Institution  for  publication  at  some  future  day,  should  it  seem 
desirable. 

Pi-of.  Pickering,  director  of  the  Harvard  Observatory,  has  also  placed 
at  the  disiM>sjd  of  the  Institution  for  publication  a  very  valuable  series 
of  photographs  of  the  moon,  which  have  been  secured  at  the  Harvard 
t)bservatory,  and  which  will  be  supplemented  by  photographs  to  be 
taken  at  the  Harvard  Observatory  high-altitude  station  in  the  moun- 
tains of  Peru, 

The  director  of  the  Paris  Observatory,  AdmiriU  Mouchez,  has  like- 
wise jii-omised  his  co-operation  in  securing  lunar  photographs  of  the 
highest  <legree  of  excellence  now  attainable. 

With  the  aid  of  those  three  prominent  observatories,  which  hare  given 
psiteciitl  attention  to  the  snbjet^'t  of  lunar  photography,  it  is  proposed  to 
prepare  a  volume  representing  upon  a  large  scale  the  best  results  that 
can  Iki  secured,  thus  plM-ing  on  record  a  detailed  description  of  the 
lunar  surfiu-e,  the  value  of  which  for  comparison  with  observations  and 
photographs  of  the  future  can  scarcely  be  over-estimated. 

In  AirtlieranM of  the  j^AB  for  the  establishment  of  standard  sizes  o( 
ibing,  etc.,  for  astronomical  and  physical 
rived  the  attention  of  committ^esof 
^^^^^^^^^^^^^^^^^  ''  the  American  Association 
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for  the  Advancement  of  Science — a  few  standards  have  been  tentatively 
adopted,  and  copies  of  these  are  attainable  hy  all  interested  ia  securing 
aniformity  in  this  class  of  work. 

I  have  referred  above  to  researches  in  physica]  science  alone;  the 
work  of  iodividual  members  of  the  Institution  and  of  others  in  the  nat- 
oral  sciences  is  given  in  connection  with  the  portion  of  the  report  relat- 
ing to  the  Mosenm.  I  may,  however,  state  that  certain  physical  inves- 
tigations, which  have  been  made  under  the  personal  direction  of  the 
Secretary  of  the  Institution  at  priv»t«  charge  and  not  at  the  cost  of  its 
fimds,  are  about  being  published  in  a  volome  of  its  Contributions,*  in 
accordance  with  a  jKiIicy  long  since  counseled  by  the  Board  of  Begents. 
Aatro-pkysical  Observatory. — I  may  recall  briefly  here  the  circum- 
stances wfaiuli  have  led  to  the  establishment  of  an  astro-jihyRical  ob- 
servatory a»  a  part  of  the  Smithsonian  Institution. 

In  the  first  report  that  I  had  the  honor  to  present  to  the  attention  of 
the  Begents  in  1888  I  stated  tliat  preparations  had  been  made  by  the 
late  Secretary,  Prof.  Baird,  to  establish  an  astro-physical  observatory 
uid  laboratory,  in  order  that  renewed  attention  might  be  given  to  the 
study  of  physical  science.  It  was  there  reported  that,  in  view  of  the 
fact  that  the  construction  of  delicate  instruments  would  occupy  a  con- 
siderable time,  orders  had  already  been  given  for  the  most  essential 
pieces  of  apparatus  for  conducting  investigations  in  radiant  energy. 

A  special  interest  was  taken  in  the  proposed  astro-physical  observa- 
tory by  the  late  Dr.  J.  H.  Kidder,  formerly  Curator  of  Exchanges  in  the 
Smithsonian  Institution,  and  the  sum  of  $5,000  was  received  from  his 
executors  for  this  purpose  under  circumstances  detailed  in  my  last  re- 
port A  like  sum  of  $5,000  was  presented  personally  to  the  Secretary 
by  Dr.  Alexander  Graham  Bell  for  prosecuting  physical  investigations, 
and  particularly  those  upon  radiant  energy,  and  thin  sum  was,  with  the 
consent  and  approval  of  the  donor,  placed  to  the  credit  of  the  Smith- 
sonian Institution  upon  the  same  footing  as  the  Kidder  bequest. 

A  temporary  wooden  building  of  the  simplest  possible  construction 
has  been  erected  in  the  Smithsonian  grounds  just  south  of  the  main 
buildine,  having  been  becun  oq  the  18th  of  November,  1889,  and  finished 
lilding  is  not  to  be  regarded  as 
using  for  the  instmments.  Its 
isnitcd  for  refined  physical  inves- 
nt  of  the  instruments  and  cer- 
jnd  conveniently  carried  on  here, 
y  constructed  aiderostat  by  Sir 
his  instrument  is  in  position.  A 
luy  years'  experience,  has  been 
William  Grunow  &  Son,  of  New 
ted.    A  galvanometer,  designed 

tn  "Contributions  to  Koawleiltte,''  No 
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tiie  most  extensive  and  efScient  which  has  ever  been  established  tn  any 
conntry." 

The  service  was  immediately  taken  advantage  of  by  the  Boreans  of 
the  United  States  Government,  and  between  the  years  1851  and  1867 
it  is  estimated  that  over  20,000  packages  of  Government  pablications 
were  carried  by  the  exchange  service,  at  an  estimated  cost  to  the  pri- 
vate funds  of  the  Institution  of  over  $8,000. 

In  1867  Congress  recognized  tiie  efficiency  and  importance  of  this 
branch  of  the  Smithsonian  work  by  assigning  to  it  the  duty  of  exchang- 
ing fifty  copies  of  all  documents  printed  by  order  of  either  House  of 
Congress,  or  by  the  United  States  Government  Bureaus,  for  similar 
works  published  in  foreign  countries,  and  especially  by  foreign  govern- 
ments. This  at  once  absor)>ed  a  very  considerable  part  ofthefunds 
which  it  was  deemed  expedient  to  devote  to  exchange  purposes;  for 
nearly  thirteen  years  the  burden  of  the  expense  being  almost  entirely 
borne  by  the  Smithsonian  fund. 

It  is  not  necessary  to  repeat  here  the  details  of  the  exchange  rela- 
tions with  ~the  Government,  as  they  have  l>een  given  at  length  in 
previous  reports,  but  I  beg  to  call  attention  briefly  to  the  summary 
presented  last  year  in  these  words  : 

The  following  sums  have  been  expended  from  the  Smithsonian  fiind 
for  the  support  of  the  international  exchange  system,  in  the  interests 
and  by  the  authority  of  the  National  Government,  namely,  $38,141.01 
in  excess  of  appropriations  advanced  from  January  1,  1868,  to  June  30, 
1886,  for  the  exchange  of  official  Government  doiniments,  and  $7,034.81 
in  excess  of  appropriations  fi'om  July  1, 1886,  to  June  30, 1889,  advanced 
for  the  purpose  of  carryiug  out  a  convention  entered  into  by  the  United 
States,  or  an  aggregate  of  $45,175.82. 

No  account  is  here  made  of  the  rent  value  of  the  rooms  occupied  by 
the  exchange  bureau,  though  the  rooms  are  urgently  needed  for  the 
special  purposes  of  the  Institution, 

In  accordance  with  a  resolution  of  the  Board  of  Regents,  a  memorfto- 
dnm  setting  forth  the  above  facts  was  transmittal  on  the  20th  of  May, 
189U,  to  the  Hon.  Benjamin  Butterworth,  a  member  of  the  Board,  in 
the  House  of  Eepresentatives,  for  the  purpose  of  taking  the  necessary 
steps  to  procure  a  return  by  Congress  to  tlic  Smithsonian  fund  of  the 
sum  last  mentioned,  namely,  $45,175.82. 

The  value  of  the  exchange  service  having  become  widely  known  and 
appreciate^!,  efforts  were  mitde  by  various  countries  to  establish  more 
formal  international  relations  for  the  purpose  of  securing  an  increase  in 
its  benefits,  and  on  the  15th  of  March,  1886,  plenipotentiaries  &om  the 
United  States  and  various  other  nationalities  signed  a  convention  at 
Brussels  by  which  their  respective  governments  definitely  assumed  the 
exchange  of  official  documents  and  of  scientific  and  literary  publica- 
tions between  the  countries  interested. 

Beferring  noKluoce  especially  to  the  work  of  the  exchange  bureau 
'»  steady  and  rapid  growth,  it  will  be  seen 
K 100  tons  of  books  passed  through  the 
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office,  representitig  90,666  packaf^s — an  iaci-oa8C  of  8,094  jmckages  over 
the  number  handled  during  the  preccdiag  year.  Upon  the  exchange 
books  acconnbi  of  pubUcations  received  and  traimmitted  are  kept  with 
18,818  Bocieties,  inatitutions  or  individnalH. 

The  expenditures  on  account  of  the  exchange  service  have  amounted 
to  $20,382.21,  of  which  $17,000  were  appropriated  directly  by  Coiigress, 
$3,361.12  were  repaid  by  Government  bureaus,  and  #9.95  were  paid  by 
State  institutions  and  others,  leaving  a  small  deficiency  to  be  met  by 
the  Smithsonian  Institution. 

While  the  expenses  of  the  exchange  service,  it  will  be  observed,  are 
in  the  absence  of  rent  charge  now  nearly  met  by  the  sum  ap|)ropriat«d 
by  the  General  Government,  this  end  is  only  effected  at  the  cost  of 
dispatch;  and  even  this  slow  freight  is  in  many  cases  due  to  the 
liberahty  of  the  ocean  steamship  companies,  a  fact  to  which  allusion 
has  been  made  in  all  recent  reports.  While  there  seemed  to  be  no  im- 
propriety in  accepting  the  generosity  of  these  eomiianiet^  when  it  was 
to  be  regarded  as  a  direct  contribution  to  the  philautliropic  aims  of  the 
Institution,  it  does  not  seem  proper,  where  so  much  of  the  freight  now 
carried  is  Government  property  and  the  service  is  conducted  under  an 
btemational  treaty,  that  we  should  impose  on  this  liberality  further, 
yet  if  this  privilege  should  be  withdrawn  the  service  wonld  be  most 
seriously  crippled. 

An  appropriation  is  also  needed  to  give  effect  to  the  treaty  of  Brus- 
sels, which  calls  for  an  immediate  exchange  of  parliamentary  annals. 
A  hill  making  an  appropriation  of  $2,000,  estimated  as  necessary  tor 
tliis  purpose,  passed  the  Senate,  but  failed  to  come  up  for  consideration 
in  the  Hoase  of  Representatives. 

I  may  mention  also  that  the  difficulty  of  making  inx)vision  for  the 
storage  of  tlie  surplus  copies  of  Government  publications  intended  for 
foreign  exchange  is  each  year  becoming  greater,  and  it  is  necessary  to 
store  many  boxes  of  valuable  documents  in  a  basement  wluch  past  ex- 
perience has  shown  is  liable  to  be  flooded  with  water.  This  fact  I  eon- 
tgder  it  my  duty  to  bring  to  the  attention  of  Congress  that  such  action 
as  it  deems  fit  may  be  taken  to  protect  this  public  property. 
LIBEABY. 

The  accessions  to  the  library  have  hovn  recorded  and  cared  for  as  dur- 
ing the  last  fiscal  year.  The  following  statement  shows  the  number  of 
books,  maps,  and  charts  received  from  July  1, 1890,  to  June  30, 1891 1 

smaller,  j    larger.      T"'"'- 

Volnme* i        1,»H  «.t7  2,681 

Parte  of  volumes 1        9, 43!)  11,  OW!  20,  ."^5 

PuBphlets '        3,i;i0  I  63!l  a,769 

lUp« 


Total. 


-f 
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Of  tbese  accessions,  7,720  (namely  424  volumes,  6,413  parte  of  volumes, 
and  883  pamphlets)  were  retaineil  for  une  at  the  National  Mnseum  Li- 
brary, and  754  medical  diasertations  were  deposited  in  the  Library  of  the 
Surgeoii-Geiieral,  U.  S.  Army;  the  remainder  were  promptly  sent  to  the 
Libraiy  of  Congress  on  the  Monday  following  their  receipt. 

The  reading  room  continues  to  be  well  used  by  tliose  who  have  occa- 
sion to  consnlt  the  current  scientific  literature.  As  the  number  of  boxes 
available  for  holding  periodicals  is  strictly  limited  by  the  size  of  the 
room  theonly  way  to  make  room  for  theiustallation  of  new  and  desirable 
journals  is  to  remove  those  which  are  found  to  be  least  consulted  or  which 
have  ceased  publication  during  the  year.  This  was  done  by  the  librarian 
during  the  spring  of  1891. 

Four  huudred  and  fifty-six  boxes  are  now  occupied,  leaving  sixteen 
to  be  %lled  by  new  accessions  during  the  next  fiscal  year.  Of  the 
jonmals  removed  from  the  reading  room,  such  as  would  be  of  perma- 
nent use  in  the  scientific  work  of  the  Institution  were  transferred  to  the 
Library  of  the  National  Museum ;  the  remainder  were  forwarded  to  the 
Library  of  Congress. 

It  will  be  remembered  that  when  I  first  became  connected  with  the 
Institution  as  assistant  secretary  I  formulated  a  plan,  the  details  of 
which  will  be  found  in  my  report  for  1887-'88,  for  enlarging  the  acces- 
sions to  th6  library  so  as  to  cover  more  completely  the  field  of  scientific 
knowledge,  and  also  for  completing  the  series  of  scientiflu  joornals 
already  in  the  imssession  of  the  Institution  which  for  any  reason  are 
imperfect. 

As  stated  in  my  report  for  1889,  the  work  of  executing  the  plan  was 
commenced  on  June  1  of  that  year  and  has  been  assiduously  carried 
on  ever  since.  It  is  now  rapidly  approaching  completion,  and  it  is  esti- 
mated that  it  will  require  but  a  few  months  of  the  next  fiscal  year  to 
bring  the  work  as  originally  planned  to  a  termination.  So  rapid,  how- 
ever, has  been  the  advance  of  scientific  thought  in  the  interval  since  the 
preparation  of  the  list  that,  although  the  utmost  vigilance  has  been  ex- 
ercised in  watching  for  the  appearance  of  new  scientific  jonmals,  it  is 
probable  that  very  many  such  have  newly  appeared  wliicli  have  escaped 
notice.  A  certain  amount  of  supplementary  work  will,  therefore,  be  re- 
quired to  make  the  exchange  lists  conform  with  the  present  status  of 
the  periodical  literature  of  science  and  iu  a  very  minor  degree  of  arts 

A  list  of  the  new  exchanges  will  be  found  in  the  Appendix  (Report 
of  tlio  Librarian),  which  also  includes  a  list  of  important  accessions 
outside  of  the  regular  serials. 

It  may  be  remembered  that  in  my  report  for  1887-'88, 1  spoke  of  a 
certain  limited  number  of  boofcfc,MtAKM|M|JPart  of  the  Smithsonian 
deposit  in  the  Libraq' fl^M|H|^^H^|S^  purchase  from  the 
Smithsonian  fund  MMf^^^^^^^^^^^^B  ^"^^^  ^^^  "^"^^ 
the  "  Secretary^l^^^^^^^^^^^^^^^^^^ 

These  boglnH^^^^^^^^^^^^^HIP*l#Mte^i^  ^<^ 
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)  being  inclnded  among  them,  and  ttiongh  all  are 
ofBve  they  are  at  the  service,  under  certain  neces- 

vonuected  with  the  Institution, 
lerti  at  present  nearly  300  volumes,  and  while  it 
able  to  enlarge  it  still  further,  this  is  rendered 
ecausetheSecretary'sofflceisalready  filled  nearly 
It  is  not  possible  eitlier  to  place  the  collection 
inder  the  immediate  charge  of  the  librarian,  as 
Mpiea  are  already  overcrowded,  while  the  room 
h  would  naturally  be  the  one  to  which  the  library 

occupied  as  a  ahipping  ofllce  by  the  Bureau  of 

;he  interest  of  the  library,  then,  as  well  as  of  the 
Lgress  will  provide  the  additional  quarters  which 
e  latter, 

MISCELLANEODS. 

— The  luBtitution  is  under  obligation  to  the  Chief 
■aving  and  Printing  for  copies  of  engraved  por- 

Regents  of  the  Institution,  which  had  been  pre- 
ises. 

!e  Owen, — A  bill  appropriating  $20,000  for  a  statue 
Owen,  of  Indiana,  who  was  among  the  first  and 
ed  Hegents  of  the  Institution,  was  introduced 
iber  9, 1890,  by  the  Hon,  Daniel  W.  Voorhees,  and 
ae  day  by  the  Senate,  but  failed  to  secure  favor- 
se  of  Representatives. 

i. — I  have  the  honor  again  to  call  the  attention 
>ill  which  was  passed  by  the  Senate  in  February, 
ronze  statue  of  Prof.  Baird  in  recognition  of  the 
rendered  his  country,  and  I  venture  to  express 
ect  may  receive  the  earnest  consideration  of  his 
both  Houses  of  Congress. 

Japanese  tcorkg  of  art. — An  appropriation  of 
se  of  the  Capron  collection,  which  has  been  for 
t  in  the  Museum,  was  included  in  the  sundry  civil 
92,  thereby  seimring  this  valuable  collection  of 
to  the  Government. 

prehUtoric  implonents. — The  deficiency  bill  ap- 
I,  contained  an  appropriation  of  $7,000  to  enable 
aithsonian  Institution  to  purchase  of  Mr.  Fred- 
oUection  of  prehistoric  implements.  This  sum 
'erkins  and  the  collection  received  and  deposited 
m. 

8. — In  accordance  with  arrangements  made  wL' 
r,  U.  S.  Army,  Gen.  A.  W.  Greely,  the  liietet' 
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promote  the  acieatiflc  and  edacatiuual  interests  of  the  coaotry  at  large. 
This  being  granted,  it  is  essential  not  only  that  the  c^Ueotions  should 
grow,  and  grow  rapidly,  in  order  to  keep  pa<;6  with  the  material  and 
intellectnal  development  of  the  country,  but  al»o  that  a  competent  staft 
of  curators  should  be  conatautly  at  work,  developing  by  seientifle  study 
aad  publishing  under  the  auspices  of  the  Oovemment  the  facts  which 
are  essential  to  the  correct  understanding  of  the  material  under  their 
charge,  preserving  the  collections  from  destruction,  and  arranging  and 
classifying  them  in  such  a  manner  that  they  shall  be  immediately  ac- 
cessible to  the  students  of  s(iien<»  from  all  parts  of  this  country  and 
from  abroad,  who  are  constantly  visiting  Washington  for  the  purpose 
of  consulting  the  collections  of  the  Government  in  connection  vith  their 
own  scientific  studies, 

On  this  account  it  is  a  critical  time  in  the  history  of  the  Museom. 
Such  is  the  competition  for  material  that  the  National  Museum  of  the 
United  States  is  unable  to  hold  its  own  not  only  with  foreign  govern- 
ments and  with  local  museums  in  other  American  citiea,  but  is  even  at 
a  disadvantage  when  its  collections  are  compared  with  those  of  many 
private  collectors.    For  instance,  there  are  in  this  country  several  pri- 
vate collections  of  minerals,  archEeological  objects,  as  well  as  of  speci- 
mens relating  to  the  various  departments  of  zoOIogy,  the  promoters  of 
which  can  seemingly  afford  to  pay  more  for  any  choice  objects  needed 
to  complete  their  collections  than  can  the  Grovemment  of  the  Unitcil 
States.    It  is  somewhat  mortifying  to  see  collet^tioua  of  American  ob- 
jftcte,  which  a  few  years  hence  will  undoubtedly  be  recognized  by  every- 
one ae  essential  to  be  preserved  in  the  National  Museum  of  this  country, 
taken  away  to  foreign  countries  because  their  value  is  more  highly 
appreciated  there  than  at  home.    Whatever  may  bo  considered  the 
pioper  functions  of  the  National  Museum  of  the  United  States  in  regard 
to  other  matters,  it  will  always  be  expected  that  in  the  national  capi- 
tal the  collections  illustrating  ethnology  and  the  natural  resources  of 
this  continent  will  be  fiilly  as  imposing  as  in  other  similar  establish- 
menta,  and  that  the  national  collections  should  compare  favorably  with 
(bose  in  other  American  ci'des,  and  will  in  respect  to  American  material 
garpiss  those  in  any  foreign  capital, 
ft  is  aot  my  wish  to  depreciate  the  importance  of  what  has  already 
(/one  by  the  Government  for  the  advancement  of  scientific  research, 
in  loost  of  the  fields  in  which  really  serious  work  has  hcen  accom- 
%Bbed  tbe  Kational  Museum  is  at  least  equal,  and  often  superior  to,  any 
^ter  intb^  United  States,  but  the  effort  to  maintain  the  collections  on 
\,\^[ootiag  wi''    ^^  much  more  difficult  hereafter  than  in  the  past.    It 
y^dbe  vui/i7r*'^^ate  if  students  of  American  natural  history  and  ethnol- 
(jTiWio  i$t^&  hitherto  been  obliged  to  come  to  Washmgton  in  connec- 
Mritb^/r    studies,  should  hereafter  find  it  more  advantageous  to 
csfd-tpt!^/^  'Collections  in  other  parts  of  this  country. 
Sfwii^  f.A'^   co(tee*wn«.— The  growth  of  the  national  collectioas 
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impturmeQtof  the  admiuisCrative  work  of  the  Mnsettm.  These  matten 
have  already  been  represented  in  stroug  terms  in  previons  reports,  and 
the  Secretary  hae  taken  every  available  means  of  calling  attention  to 
the  dangers  vhicb  beset  the  National  Mnseom  owing  to  the  insoiB- 
ciency  of  the  appropriations  made  by  Congress  for  its  maintenance.  It 
is  only  necessary  to  add  in  this  place  that  the  sum  mentioned  in  the 
statement  accompanying  the  report  for  1889  (pp.  35-38),  as  then  reqnired 
for  services,  was  prepared  in  response  to  a  Senate  resolution  asking  fat 
a  "  schedule  of  the  classified  service  of  the  officers  and  employes  of  the 
National  Museum,"  and  represented  the  needs  of  the  Musenm  at  that 
time.  Since  then  there  have  been  large  increases  in  abnost  every  de- 
partment of  the  Museum  work,  and  if  I  were  now  preparing  a  similar 
statement,  I  should  find  it  necessary  to  make  a  corresponding  mcrease 
in  the  totals  of  the  several  divisions  of  the  schedule  referred  to. 

The  operations  of  the  Museum  in  all  of  its  departments  for  the  fiscal 
year  ending  June  30, 1891,  are  fully  discussed  iu  the  report  of  the  Assist- 
ant Secretary  in  charge  of  the  Museum,  and  therefore  reference  to  the 
work  of  the  Museum  will  here  be  restricted  to  some  of  the  most  impOT- 
tant  general  features. 

Accetgiona. — Ten  years  ago  the  National  Museum  moved  into  a  vet 
building,  and  the  present  year  thus  marks  the  close  of  a  very  important 
decade  in  its  history.  The  increase  in  the  collections  during  this  period 
has  been  unexpectedly  large,  the  accessions  ft'om  all  sources  uow  Dnm- 
bering  3,028,714  specimens.  In  1882,  when  the  first  census  of  the  col- 
ections  was  made,  the  total  number  of  specimens  was  estimated  at  l«sg 
than  195,000.  The  totally  inadequate  space  provided  for  this  vast  awn- 
mulation  of  material  has  been  so  frequently  commented  npon  in  pre- 
vious reporta,  that  it  is  not  necessary  to  reiterate  the  urgent  recom- 
mendations which  have  been  made  to  Congress  for  another  building. 
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The  World's  Columbian  Exposition. — Mention  was  made  in  the  last 
report  of  the  provision  made  by  Congress  for  holding  au  exposition  in 
the  city  of  Chicago  in  1893  for  the  purpose  of  celebrating  the  four  hnn- 
dredth  anniversary  of  tlie  discovery  of  America  by  Christopher  Colnm- 
bus.  Dr.  G.  Brown  Goode  was  upon  my  nomination  appointed  by  tie 
President  the  representative  of  the  Smithsonian  Institution  and  the 
National  Museum  npon  the  Goverament  Board  of  Managers  and  Con- 
trol. During  the  latter  part  of  the  year  the  Treasury  Department  de- 
cided that  between  $30,000  and  $40,000  were  available  for  expendi- 
ture in  connection  with  the  preparation  of  the  Government  exhibits. 
This  sum  was  apportioned  by  the  Board  among  the  executive  depart- 
ments, including  the  Smithsonian  Institution,  the  National  Maseum 
and  the  Fish  Commission :  the  Smithsonian  Institution,  including  the 
National  Museum  and  the  Bureau  of  Ethnology,  receiving  about 
$6,000.  This  amount  is  of  course  entirely  inadequate,  except  as  afford- 
ing the  means  of  making  a  commencement,  and  would  hardly  suf- 
fice for  the  preparation  of  a  satisfactory  exhibit  from  any  one  depart- 
ment in  the  Museum.  As  soon  as  this  money  became  available,  hoir- 
ever,  several  of  the  curators  iu  the  National  Museum  commented  to 
prepare  plans  for  the  exhibits  of  their  departments,  and  a  small  fora 
of  taxidermists  and  mechanics  was  engaged.  Mr.  E.  Edward  Earll 
was  appointed  chief  special  agent  in  April,  and  will  act  as  the  execntive 
officer  under  the  direction  of  the  representative  of  the  Smithsonian  hi- 
stitution. 

BUREAU  OF  ETHNOLOGY. 

Ethnological  researches  among  the  North  American  Indians  has  been 
continued  by  the  Smithsonian  Institution  iu  compliance  with  acts  of 
Congress,  during  the  year  1890-'91,  under  the  direction  of  Maj.  J.  W- 
Powell,  who  is  also  the  Director  of  the  U.  S.  Geological  Survey. 

The  work  of  the  Bureau  of  Ethnology  haa  been  conducted  during  the 
year  in  accordance  with  the  system  before  reported  upon  and  explmned. 
A  noteworthy  feature  of  it  is  that  the  officers  who  as  authors  prepare 
the  pnblications  of  the  Bureau  personally  gather  the  material  for  them 
in  the  field,  supplementing  it  by  study  of  all  the  counected  literature 
and  by  the  consequent  comparison  of  all  ascertained  facts.    TUecoutin- 
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bia,  Maryland,  Yiiginia,  and  the  Ohio  \~alley,  whioh  determined  among 
other  points  of  interest  that  the  implicatiun  of  great  antiquity  to  forms 
of  stone  implements  of  America  which  have  hitherto  been  classed  with 
European  palteoliths  iu  age  as  well  as  in  fabrication  has  not  been  snb- 
Htantiated  by  the  ascertamed  tacts. 

Careful  exploration  of  the  Verde  Valley  in  Arizona  followed  that  be- 
fore made  of  other  parts  of  the  large  southwestern  region  of  the  United 
States  in  which  the  presence  of  many  extensive  ruins  has  given  rise  to 
^cifQl  theories.  The  data  as  classified  and  discussed  has  shown  that 
the  hypothesis  of  a  vanished  race  enjoying  high  civilization,  which  has 
been  proposed  to  acconnt  for  the  architecture  of  the  ruined  structures, 
is  unnecessary. 

The  attention  already  given  to  Indian  languages  has  been  continued, 
in  recognition  of  the  fact  that  some  of  them  are  fast  i)assiug  beyond  the 
possibility  of  record  and  study  and  that  the  ethnic  classification  of  all 
of  the  Indian  tribes  can  be  iiia<lo  accurate  only  through  the  determina- 
tion of  their  linguistic  divisions  and  connections.  The  studies  upon 
aborigtnal  mythology  and  rehgions  practices  has  also  been  continued, 
tritli  special  attention  to  the  ghost  diuices  and  "Messiah  religion," 
vhich  have  produced  important  cousequences  bearing  upon  the  prob- 
lem of  proper  national  dealing  with  the  Indians.  OCBcial  misconcep- 
tion of  their  religions  philosophy,  which  has  been  forcedly  transfigured 
by  the  absorption  of  Christianity  so  as  to  present  more  apparent  than 
actual  antagonism  to  civilization,  has  occasioned  needless  loss  of  life 
and  treasure. 

Further  details  respecting  the  work  of  the  Bureau  will  bo  found  in 
the  report  of  its  director,  given  in  full  in  the  Appendix. 

NATIONAL  ZOOLOGICAL  PARK. 

The  primary  object  for  which  Congress  was  asked  to  establish  a 
National  Zoological  Park  was  to  secure  the  preservation  of  those 
American  animals  that  are  already  nearly  extinct,  and  this  object  it 
was  thought  would  bo  best  secnred  by  the  establishment  of  a  large 
iidosore  in  which  snch  animals  could  be  kept  in  a  seclusion  as  nearly 
■a  possible  like  that  of  their  native  haunts.  It  wan  believed  that, 
awpt  for  initial  expenses  for  buildings  and  roads  for  the  public, 
t  be  done  with  an  outlay  comparatively  small,  probably  not 
g  tJ}0,000  a  year;  for,  after  the  necessary  land  was  once  acquired 
1  In,  amaUer  inclosures  and  paddocks  could  be  set  off  and 
3c,ted  at  about  this  yearly  charge. 

of  things,  inevitable  that  some  provision  should 
ience  of  a  curious  and  interested  public,  as  well 
11  being  of  animals  unaccustomed  to  the  pres 
first  of  these  it  was  intended  to  set  aside  a  cor 
dich  the  principal  buildings  should  be  placed  ^  I C 
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to  wbieb  sliould  be  takeu,  as  wa»  cx]>edieiit,  such  of  the  animalB  as 
miglit  interest  the  public,  the  larger  portion  of  the  park  being  RtdH 
cou8idere<l  as  a  natuial  preserve  where  aiiimaU  need  be  disturbed  by 
no  unusual  surroundings,  and  where  it  was  hoped  they  might,  after  the 
time  necessary  for  their  acclimation,  breed  their  young. 

The  maintenance  of  a  park  devoted  to  these  purposes,  that  is,  pri- 
marily to  useful  and  scientific  ends,  and  secondly  to  recreation,  seemed 
to  those  interested  in  its  success  a  legitimate  tax  upon  national  re- 
sources, but  when  Congress  decided  that  one-half  of  the  necessary 
expense  should  be  raised  by  local  taxation  it  seemed  only  fit  that  the 
taxpayers  should  be  heard  in  their  wish  to  have  proinineace  given  to 
the  feature  that  principally  interested  them,  and  their  chief  interest  was 
naturally  in  the  Park  as  a  place  of  recreation.  That  this  was  reci^- 
nized  by  a  considerable  body  in  Congress  became  evident  from  the 
subsequent  debates. 

The  moral  right  of  the  people  of  the  District  to  ask  consideration 
of  their  wishes  for  entertainment  in  return  for  the  outlay  which  falls 
upon  them  can  not  be  questioned,  and  so  far  as  this  could  be  recog- 
nized it  introduced  a  tendency  to  provide  an  establishment  more  Uke 
an  ordinary  zoological  garden,  or  permanent  menagerie,  than  the  com- 
paratively inexpensive  scheme  at  first  contemplated. 

In  view  of  the  circumstances  an  appropriation  was  asked  of  Coii- 
gress,  which  was  believed  to  be  smaller  than  was  consistent  with  the 
proper  ultimate  development  of  the  park,  but  on  an  estimate  which 
proposed  to  begin  on  the  moat  economical  scale.  Thus,  for  the  genraal 
maintenance  of  the  collection,  $35,000  was  asked,  which  is  about  the 
same  as  the  annual  sum  spent  in  the  Central  Park  menagerie.  New 
York,  having  an  area  of  about  10  acres,  and  at  least  (10,000  less  than  is 
spent  either  at  the  zoological  garden  in  Cincinnati  or  Philadelphia,  each 
having  an  area  of  about  40  acres.  When  it  is  refiected  that  these 
latter  enterprises  are  conducted  for  business  purposes  by  business  men, 
that  they  have  their  collections  already  nearly  complete  and  purchase 
but  few  new  animals,  it  will  be  seen  that  the  sum  asked  for  the  main- 
tenance of  the  l(i7  acres  of  the  National  Zoological  Park  with  all  the 
expensive  animals  yet  to  be  procured  was  certainly  not  extravagant- 
Congress  reduced  this  estimate  to  $17,500,  a  sum  for  which  as  a  year's 
experience  has  now  shown  the  Park  can  not  be  maintained. 

For  buildings,  an  appropriation  of  $30,850  was  asked.  In  this  con- 
nection it  may  be  recalled  that  in  the  Philadelphia  gardens  the  build- 
ings and  inelosures  cost  $194,705.  The  sum  estimated  was  intended  to 
cover  all  inelosures  and  structures  of  every  character  indispensable  on 
the  modest  scale  proposed.    Congress  reduced  this  to  $18,000. 

The  average  expense  of  preparing  such  uncultivated  grounds  in  city 
parks;  elsewhere  has  proved  to  be  at  least  $2,900  per  acre.  The  sum  of 
$29,000  was  asked  for  that  purpose,  as  no  more  than  sufficient  to  fit 
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SQcb  portions  of  the  park  as  were  necessary  for  the  immediate  accom- 
modation of  the  public.    Congress  reduced  this  to  tI5,(H)0, 

These  reductions  have  not  only  obliged  me  to  retard  the  development 
on  the  lines  that  bad  been  laid  down,  but  have  increased  the  ultimate 
cost;  for  where  living  creatures  are  in  question  it  is  plain  that  they 
hare  not  only  to  be  fed  and  guarded  bat  to  be  honsed;  and  all  this  at 
once,  under  jwnalty  of  their  loss.  Congress  has  plainly  intended  that 
tb«y  should  be  ppsserved,  and  that  some  sort  of  roads  and  access  for 
the  public  should  be  provided  this  year. 

The  result  has  necessarily  been,  that  with  every  effort  to  obtain  per- 
manent results  there  has  been  a  partial  expenditure  of  the  absolutely 
insufficient  grant  on  enforced  expedients  of  a  temporary  character, 
which  are  not  in  the  interests  of  economy. 

It  is  extremely  desirable  that  a  sum  for  emergencies  be  secured  in 
the  next  appropriation.  In  carrying  forward  fh>m  the  beginning  novel 
and  untried  work  of  such  varied  character,  unforeseen  difficulties  must 
inevitably  arise,  bat  no  provision  has  been  made  for  these,  nor  even  for 
mch  readily  anticipated  emergencies  as  are  caused,  for  instance,  by 
floods  in  grounds  traversed  by  a  stream  which  has  been  known  to  rise 
6  feet  in  less  than  half  an  hour. 

The  difficulties  *hich  these  conditions  have  imposed  on  the  adminis- 
tration of  the  park  may  be  fairly  called  extreme,  and  the  amount  and 
character  of  what  has  been  effected  must,  be  considered  in  this  con- 
nection. In  spite  of  these  the  result,  I  think,  may  be  said  to  be,  that  at 
least  as  a  source  of  interest  and  amusement  to  the  people  the  park  has 
exceeded  the  most  sanguine  expectations. 

As  the  available  funds  were  small  it  was  necessary  to  limit  the  area 
of  the  park  which  should  be  first  improved.  It  was  found  that  the  ani- 
mals on  hand  could  be  accommodated  within  an  area  of  40  acres,  and  a 
tract  of  about  that  size  was  selected,  extending  along  the  main  drive 
from  Quarry  road  to  Connecticut  avenue  through  the  moi^t  interesting 
portion  of  the  park.  This  main  road  was  laid  out,  graded,  and  metalled 
early  in  the  fiscal  year,  and  steps  were  taken  to  construct  a  permanent 
bridge  over  Rock  Creek  at  the  place  where  the  road  should  pass.  As 
was  anticipated,  the  constraction  of  the  bridge  presented  serious  en- 
gineering difficulties.  Rock  Creek  is  usually  a  quiet  shallow  stream, 
bat  becomes  in  times  of  freshet  a  powerful  torrent.  It  was  necessary  to 
erect  a  structure  that  would  withstand  these  floods  and  desirable  that 
it  should  be  one  which  would  not  mar  the  beauty  of  the  valley.  After 
a  carefal  consideration  of  several  designs,  motives  of  economy  com- 
pelled the  erection  of  a  bridge  of  wood  and  iron,  resting  upon  stone 
piers  15  feet  above  ordinary  water  level,  sufficient  as  an  engineering 
Btmcture  but  having  no  claim  to  b^'auty  other  than  that  of  utility.  At 
the  close  of  the  year  these  piers  hail  been  erected  and  the  superstruc- 
ton  contracted  for  but  not  yet  placed.    In  the  meantime  tempocaxy  in- 
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espensire  wooden  bridges  have  been  iu  use.  During  the  progress  of 
the  wofi.  they  bare  been  several  times  swept  away  or  eeriooaly  injured. 

A  nnmbei-  of  trees  have  been  planted  in  difftreDt  {tarts  of  the  park, 
in  some  places  for  ornament,  in  others  to  secure  the  propw  seclusion  of 
ajiitaia  X  Considerable  area  of  open  land  has  been  prepared  for  lawn 
and  pastore  grounds. 

The  development  of  the  park  has  proceeded  steadily  during  the  year, 
tike  ^inimnm  of  chauge  in  the  natural  features  of  the  picturesque  re|^ou 
being  made  on  principle  and  independent  of  any  considerations  of 
eeoiMHny.  As  the  approach  from  the  city  by  the  way  of  the  Quany 
mad  ooold  be  made  available  at  the  least  expense  to  the  park,  that 
road  is  adopted  provisionally  as  the  main  carriage  entrtmce.  At  the 
request  of  the  Secretary  the  Commissioners  of  the  District  of  Columbia 
expeoded  a  sum  of  $1,000  iu  grading;  and  repairing  this  road,  biit  while 
it  ha«  sored  a  usefal  purpose  it  is  still  far  from  satisfactory  as  a  prin- 
opal  avoiue  of  approach.  The  grade  is  steep,  the  carriage  way  aat- 
rvw.  and  the  roadbed  not  sufficiently  thick  to  endure  heavy  travel. 

The  systun  of  roads  contemplates  other  means  of  approach,  especially 
a  bfidle  path  by  the  way  of  Ontario  avenne,  a  footpath  (which  will 
prubably  be  enlarged  to  a  carriage  road  as  means  may  permit)  by  t^e 
way  of  Woodley  Bridge,  extending  along  the  creek  through  the  park 
as  &r  as  the  Klingle  Bridge,  and  a  carriage  road  entering  from  Con- 
nectknt  avenne  extended  on  the  west  side  of  the  park,  by  which  per- 
fiotu>  broo^t  by  the  Eock  Oreek  Railway  can  readily  pass  in.  A  wind- 
ing footpath  from  the  Adams  Mill  road  leads  by  means  of  rudely  con- 
Rmcted  steps  and  a  simple  rustic  bridge  down  the  cliffs  and  across  s 
narrow  ravine  into  the  occupied  portion  of  the  pu-k. 

BetoK  animals  could  be  safely  kept  in  the  park,  it  was  necessary  to 
invltife  it  Ko  as  to  insure  control  of  all  the  territory  within  its  hmit^ 
A  boundary  fence  was  therefore  built,  and  experience  has  shown  it  to 
be  absolutely  essential  to  the  safety  and  well-being  of  the  animals  as 
well  as  to  the  preservation  of  the  trees,  shrubbery,  and  property  of  the 
park. 

Near  what  is  for  the  present  the  principal  entrance  is  a  disused 
quarry,  from  which  arise  precipitous  cliffs  and  bold  rocky  ledges.  It 
seemed  particularly  well  fitted  for  the  construction  of  dens  and  yards 
fiw  bears.  A  series  of  i-^vems  has  beeu  blasted  in  the  rock  and  incltwed 
by  a  stout  iron  fence.  Within  the  fence  are  large  and  commodious 
yards  in  which  have  been  constructed  bathing  pools,  with  water  flow- 
ing con^^tantly  from  a  large  spring  outside  the  park  at  the  side  of  Quarry 
roiad.  The  result  hiks  been  a  pliwc  admirably  adapted  for  the  bea)tl> 
aud  geueml  welf;ire  of  the  animals,  as  well  as  a  most  picturesque  and 
Ktjikiiig  feature.  It  has  been  found  necessary,  in  order  to  protect  the 
yardc^  Ijvm  fallingdlrtanddSbris  swept  down  the  clifls  by  rains,  te  build 
»  retxiuiug  w:dl  on  the  ledge  above  the  dens  at  once,  and  this  bas  been 
luite  iu  port,  for  the  reasons  alrea«ly  stated,  in  such  a  manner  as  itisto 
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be  feared  will  necessitate  very  early  removal.  It  ia  most  desirable  that 
tiie  booudary  of  the  park,  which  now  runs  aloug  the  very  €<ige  of  this 
t^ecipice,  should  be  carried  back  a  few  yards  to  thus  avoid  the  expense 
irfa  costly  permanent  retaimng  wall. 

A  bouse  for  tlie  biaon  has  been  built  and  another  for  animals  re- 
quiring warmer  winter  quarters  ia  in  cour»e  of  construction,  a  iH>rtion 
of  it  being  already  occupied.  It  will  not  be  possible  to  complete  this 
house  upon  the  original  plan  under  the  prei^ent  appi-upriatiou,  but  it 
was  deemed  a  wise  economy  to  accept  a  design  which  could  be  par- 
tially completed  and  extended  as  the  need  for  more  room  became 
preefiing  iind  other  means  should  become  available. 

Already  the  establishment  in  the  United  States  of  a  National  Zoolog- 
ical Park  under  the  management  and  guidance  of  the  8mith:^onian  In- 
stitntion  has  attracted  the  attention  of  similar  institutions  and  of  nat- 
nralists  iu  other  countries,  and  liberal  offers  of  gifts  and  exchanges 
have  been  made. 

From  Sumatra,  from  the  islands  of  the  Pacific,  from  the  shores  of 
Aiaeka,  and  from  our  own  national  parks,  have  come  oftcrs  of  gifte  or 
terms  of  purchase,  but  I  regret  to  say  that  it  has  been  necessary  to 
defer  acceptance  of  all  these  offers  owing  to  lack  of  funds  even  to  pay 
Hiuisportation. 

NECROLOGY. 

QEOBQE  BANCBOFT. 

It  seems-  unnecessary  to  give  here  more  than  a  brief  outline  of  the 
connection  of  the  distinguished  historian,  the  Hon.  George  Bancroft, 
with  the  Smithsonian  Institution. 

Mr.  Bancroft  was  elected  by  Congress  a  regent  from  the  city  of  Wash- 
ington, December  II,  1874.  He  was  appointed  chairman  of  a  special 
committee  to  memorialize  Congress  for  a  building  for  the  National  Mu- 
seum; he  served  on  a  committee  under  whose  direction  a  portrait  of 
Prot  Henry  was  painted,  and  on  January  20,  1875,  was  elected  a  mem- 
ber of  the  executive  committee.  He  resigned  from  the  Board  in  March, 
1878,  after  serving  four  years.     Mr.  Bancroft  died  on  January  17, 1891, 

WILLIAM  TECUMSEH  SHERMAN. 

As  in  the  case  of  Mr.  Bancroft,  any  extended  notice  of  the  life  of 
Oen.  Sherman  would  seem  entirely  snperfluous,  but  it  is  fitting  that  I 
Bhoiild  mention  here  his  interested  and  valuiiblc  services  upon  the 
Board  of  Regents. 

Gen,  Sherman  was  elected  by  Congress  a  regent  j^om  the  city  of 
Washington,  January  30,  1871,  and  became  a  member  of  the  executive 
committee  of  the  Board,  March  9  of  the  same  year.  His  resignation  from 
the  Board  was  presented  November  12,  187i,  on  account  of  a  cha^nge  of 
residence  from  Washington  to  St.  Louis.  .»,  .vLtOOJ^Ic 
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extract  from  his  letter  of  resigaatioo  expre^ea  his  deep 
iHtitution  and  his  views  aa  to  its  policy: 

ng  my  official  tMmiiection  with  the  Smithsonian,  I  beg 
to  yon  and  your  associates  my  sense  of  the  noble  task 
i  engaged,  and  of  my  earnest  prayer  that  the  institutioa 
igement  \rill  continue  to  fulfill  its  magnihcent  design, 
lit'  wtienve,  tliiit  is,  of  the  laws  of  nature,  is  ao  tutimattily 
the  lulvnnce  of  higher  civilization  that  Mr.  Smithson 
al  wisdom  in  so  endowing  his  institution  that  it  should 
1  labor  to  the  increase  of  knowledge,  to  accumulatiog 
«  knowledge  to  be  added  to  the  old,  which  should  be  a 
of  the  universities  of  the  whole  earth.  I  therefore  coin- 
rfectly  in  your  special  construction  of  the  will,  and  hope 
I  will  continue  to  construe  it  literally  as  a  legacy  sacred 
1  t>enetlcial  in  the  highest  degree, 
assure  your  associates  that  among  the  many  causes  of 
:  Wiu^hington  none  impresses  me  more  than  that  which 
ui-  my  relations  with  the  Regents  of  the  SmitbsoniaD 

rn  to  the  capital  he  wa9  re-elected  by  Congress  a  regent 
Washington,  Miu:cb  2.'3,  1878,  and  again  became  a  metn- 
ilive  iHunmittee  on  Klay  IT  following.  He  served  as 
let-iiU  eomniittee  of  the  Board  to  make  arrangements  for 
iionio.-;  of  I'rof.  ilenry.  May  13,  1878,  and  was  elected, 
I,  by  the  Bourd  to  make  an  address  at  the  memorial 
Ilenry  in  the  United  States  Capitol.  A  few  extracts 
*  at  the  seriiii-es  on  January  16, 1879,  are  eminently 
id  may  be  most  appropriately  quoted  here : 

uning  the  living  have  paid  homage  to  the  virtues  of  the 
tality  is  the  tlivi^m  of  man.  From  Agra  to  Washing- 
town,  or  village  but  i-«>utains  some  nmnument  designed 
If  UH-mory  of  one  who  has  jta^seU  from  earth.  Mohu- 
evi-avatwl.  pyntmids  built,  temples  have  been  erected, 
■Mf.  and  bi>nue  sha[>f«l  into  every  conceivable  form  to 
t>  )h>nor.  ivsiHvt.  aflVi-tiou.  and  love  tor  some  dead  hero, 
in.  i»r  philosopher.  Theine  esirlhly  tributes  can  be  of 
e  i)t';)d.  but  tlit'y  tVtrm  lasting  rei'ords  of  deeds  held 
c  UH'u;  are  stiMii;;  incentives  to  noble  acts  in  the  pres- 
s:.'.nly  pt>';:rt'AS  t^twanl  that  l>etter  condition  which  is 
:  ::>  of  ihf  human  nut', 

-vs^'.tt.'Iiil  (<t-u;:.:ht  to  shaiH*  in  marble,  or  granite,  oi 
.»!»  t.Tui  nt"  uur  o'uutrytuan  and  friend,  ProC  Joseph 
iKt  tlti:  t'-iiv-*'  who  kiu'w  li;m  i^e^t  m.ty,  by  simple  trib- 
*;■  I  i\>\',;i.  IvMi'  iHi!»t;c  lostimouy  to  the  merits  of  cue 
.:»>^i  h>r:h  it  Hirvit  tr'>('I>  I'.iU'ut  tyji^  of  m«>rul  and  intel- 
.  j»:-.,S  wis. ».«•,:'.(  V.'aW  iii.i;uU:(>f  sell".  reDdt-red  eminent 
:?*  (•:  :i;.r :«.;■.•,■!,  Uf  tu-rsts  f.o  UKXiu-iH^nt.  for  where- 
■~:-^^*r,:  •,■>■;,;■•;  TrtViStH-  t"!!!-*  A!idt.t>utiauons  wires 
T 1  i;  :-•  I'ti-:'-  lUi-rv  .n"  j;;  kh^  wt  atfe  uosi  indebted 
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It  was  a  ewientiflc  BnglisliinaD,  a  skillful  analytical  chemist  of  Lon- 
don, wlio  couceived  the  thought  and  provided  the  means  whereby  Prot. 
Henry  was  enabled  to  accomplish  so  much  furth<T  good.  Arts  may 
have  been  lost  or  forgotton,  be<^ause  no  longer  needed,  and  the  world's 
libraries  and  niiiversitiea  already  possessed  in  abundance  the  vast 
accnmulations  of  knowledge  which  had  for  ages  been  garnered  and 
stored  away  in  these  valuable  repositories  of  learning,  yet  nature  re- 
mained so  bountiful  that  there  could  be  no  danger  that  her  fountains 
would  become  exhausted,  and  Mr.  Smithson  provided  for  an  institntion 
which  accepbs  all  the  pastj  and  provides  only  for  the  ftiture.  He  en- 
dowed munificently  the  mstitution  (which  bears  bis  name  here  in 
Washington)  for  collecting  new  knowledge,  and  for  distributing  it  to 
all  parts  of  the  earth.  Great  was  the  conception,  generous  the  endow- 
ment, and  fortunate  that  the  execution  fell  to  the  lot  of  Prof  Henry. 

For  this  reason  the  memory  of  his  life  and  fame  should  be  treasured 
by  iili  as  an  example  to  the  youth  of  our  land  to  show  that  honor  and 
fune  may  be  eame<l  in  the  school  of  philosophy  as  well  as  in  the  more 
tempting  and  active  scenes  of  public  life. 

Many  students,  who  at  this  moment  are  hard  at  work  on  their  studies 
for  the  iidvautage  of  mankind,  will  feel  themselves  personally  encour- 
aged and  honored  by  the  tokens  of  respect  and  affection  thus  paid  their 
prototype.  Prof  Henry;  and  their  stimulated  labors  in  the  cause  of 
tiiat  science  he  loved  so  well  will  erect  to  him  a  monument  more  lasting 
than  of  brass  or  marble. 

On  January  IT,  1879,  Gen.  Sherman  was  elected  by  the  Board  a  mem- 
ber of  the  commission  for  erecting  the  National  Museum  building,  and 
OD  March  7  he  was  chosen  chairman  of  this  commission. 

"  The  office  of  member  of  this  commission,"  be  says  in  his  first  report, 
presented  January  19,  1880,  "  has  been  by  no  means  a  sinecure,  weekly 
meetings  having  been  held  with  scarcely  an  interruption  from  the  first 
organization." 

The  second  report  Gen.  Sherman  presented  January  18, 1881,  and  the 
final  report  January  2,  1882.  In  the  latter  he  "  begs  to  refer  to  the  im- 
portant fact  that,  while  a  building  i>4  presented  equal  in  every  respect 
to  what  was  anticipated  -  -  -  instead  of  incurring  a  deficiency,  the 
fiiDd  has  been  so  managed  as  to  have  to  its  (credit  an  available  balance 
of  some  thousands  of  dollars." 

Gen,  Sherman  took  a  great  interest  in  carrying  into  effect  the  act  of 
Congress  providing  for  a  statue  of  Prof  Henry.  He  was  active  in  in- 
ducing Congress  to  appropriate  money  to  fireproof  the  east  wing  of  the 
Smithsonian  building,  and  he  was  elected  January  17,  1883,  by  the 
Board  with  the  chancellor  and  secretary  upon  a  special  commission  "to 
act  for  and  in  the  name  of  the  Board  in  carrying  into  effect  any  act  of 
Congress  which  might  be  passed  providing  tbr  the  erection  of  an  addi- 
tional building  for  the  National  Museum." 

His  second  term  as  regent  expired  March  25,  1885,  when  he  removed 
his  residence  to  New  York.  He  died  February  14,  1891.  For  eleven 
years  Gen.  Sherman  was  diligent,  active,  attentive,  and  enthusiastic  ip 
his  devotion  to  the  Institution.  l,j„^-,  LyLiOOJ^lc 
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Hie  detailed  reports  &om  the  Bnrean  of  Ethnology,  the  Intenifttioiud 
£xcliauges,  the  National  Zoological  Park,  and  the  Library,  and  the 
report  on  the  pablicationB  of  the  year  are  appended. 
Beepectfolly  snbmitted. 

S.  P.  Lanqlet, 

Secretary. 
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Appendix  I. 


9ni:  Ethnologic  reseaichee  amoDg  the  North  American  Iniliann  w 
nri'leT  the  Secretary  of  the  SinithRonian  Institution,   in  compliance  with  acts  of 
Congresa,  <1nring  the  year  1890-'9I. 

A  report  upon  the  work  of  thf>  year  is  most  convcniEntly  presented  nndei  two 
gfutrai  heads,  viz,  field  work  and  office  work. 


Hie  Bold  work  of  the  ynar  is  divided  into  (1)  Archteologir,  and  (2)  general  Seld 
itndieB,  the  latter  being  directed  chiefly  to  rt«ligion,  technology,  and  linguistics. 

Artkaalogie  jieid  work.—kt  the  close  of  the  last  fiscal  year  geaeral  exploration  of 
the  motmd  region  was  discontinued  and  the  archeologic  field  work  was  placed  in  the 
rhargeofUr.  W.  H.  Holmes,  During  the  summer  of  1890  he  began  the  work  of  arch- 
Bological  exploration  iu  the  Atlantic  coast  States.  The  ancient  quorriee  of  quartzit« 
boTldersandof  steatite  within  the;  District  of  Columbia  were  explored  and  extensive 
ucavations  were  mode.  This  work  wascoutinupd  throughout  July,  and  in  August 
1  qnsrry  site  near  the  uew  U.  S.  Naval  Observatory  on  a  ridgo  overlooking  Rock  Creek 
ViUey  was  examined.  Thii  phenomena  observed  upon  this  site  were  practically  iden- 
tical with  those  of  Piny  Branch  described  in  the  last  annual  report.  A  large  area  of 
Ibe  Potomac  bowlder  beds,  2  or  3  acres  iu  extent,  hod  biMtn  worked  over  to  the  depth 
of  MTeral  feet  by  the  aborigiaat  qnarrymen  and  all  available  bowlders  had  been 
ntilited  in  the  raannfocture  of  leaf-shaped  blades.  These  were  probably  the  blanks 
subsequently  specialized  as  spear  and  arrow  points,  perforators,  and  similar  instru- 

In  Angnst  Hr.  Holmes  made  a  trip  to  the  Mississippi  Valley  for  the  purpose  of  re- 
examioiug  some  mound  groups  not  explored  with  snCBoient  care  by  the  assistants 
.  before  intmsted  with  that  work.  A  week  was  spent  in  Grant  County,  Wis.,  msp- 
piog  the  remarkable  groups  of  effigy  mounds  for  which  that  region  is  noted.  Sub- 
Mqneutly  he  visited  Pulaski  County,  Ark.,  aud  mode  a  survey  of  the  Knapp  mounds 
*t  Toltec  Station,  whence  he  proceeded  to  the  vicinity  of  Hot  Springs,  Ark.,  to  ex- 
•aiae  the  ancient  novaculite  quarries  near  that  place.  Apparently  the  early  iuhabi- 
bnts  had  qnarried  this  rock  on  an  extensive  scale  and  had  used  it  in  the  mannfnc- 
tore  of  spear  and  arrow  points  and  other  articles.  The  pittings  were  on  a  large 
Mle,  even  sarpassing  those  of  the  District  of  Colnmbiaquarries,  and  had  genernlly 
besn  attributed  by  white  settlers  to  Spanish  gold  hunters  of  an  early  period. 

In  Bept«mbeT  and  October  Mr.  Holmes  resumed  his  explorations  in  the  District  of 
Coliunbiaand  extended  the  work  into  the  valiuy  of  the  Potomac  between  Point  of 
Bocks  and  Cnmberland,  Hd.,  and  into  the  Ohio  Valley  as  far  as  Alloich<>ny  City.  A 
trip  was  next  mod*  to  the  eastern  shore  of  the  Chesapeake,  and  n  very  interestiug 
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Ii^iint  ».. .!»«(*  <ii*'.n  in*  '.'cAp^jak  SL.-r^x.  1  itulya  WJA-vCiKbrvdge. was  examined. 
AA»ft-'i*n'.-yi-»mia.:r'.f'"T»''r^--'^?^iJ'^->«i'^tin:i-i"l.!o»WBir«l«>iit20fi«t 
ativr''  tiAn  U^'l.  ■•-■..■*•■■;  vti^j  :L-*  »:>  »».*  '--tj-j^  V7  vicd-diUrii  sand  to  tbe 
^Afth  iif  2^'  trrl.ie^  m-f:  T'tJ'u'-.j  %i^  »t>»  \^ir.  nKTva^lwii  apoa  tlu  land,  «rpo«- 
tft^t  »  MKKiutt  nl  li.f  >.,  .ff  »;..!  .•-•  .■,':.-><l  7:;_j«-r  ti-jt.  TLe  K^mt  important  featnie  of 
(>■•>■  •i^Mfif.  ■»•  'K*  «rtj,t  '/f  IB  irwn^TT  <,r  'j-jial  j.:  13  frvt  in  diaineteT and  5 
tf*^  'J***,  "h  'h  ti**!  *»**n  "l"-^  i[*in  si*  T:;i»..r«  •■i*  ar^ii  g;;.:d  wiib  a  maaa  of  di»- 
t/inirtif%rjt  hii-A^in  'i/mtM,  ^'.l  '>f  vb.Tii  wen  .11  an  »lTaorc4  state  of  decay.  They 
vrt  MHt  ioyfcnir^niMl  by  'i'fJtm  '>f  art. 

(<i  Ajrfil  Mr  ffiilu-r*  na4«  a  j'>!iTi«*y  to  Bart/>v  t'oonty.  Ga.,  and  to  Coahoma 
'.'rtint/,  Mi*",,  t»  make  nw»:«>ary  obnerration.!  of  tii«  great  gnntps  of  tnoandB  at 
tlinv  pfriiiU.  The  prin'-i[ral  Rartov  (.iniDty  mnand  WloDgs  to  the  group  known  at 
Itie  y.Urwxh  gwiiiip,  and  i«  a  (plKiidid  *:iample  uf  the  work  a^  the  Dnidealified  boild- 
rfa.  7hr.  ■hapc»rit>e  great  mfinnd  i«  iLal  of  a  foai-tulrd  truncated  pjTAmid  but  is 
n"t  wholly  Hymtnetrie.  It  in  S3  feet  liii;h  and  mea«ares  aboot  17a  feet  across  the 
nearly  lum]  Uip.  The  mRAhiireaieiiU  of  the  fonr  sides  of  the  base  are  380, 330, 360, 
1  are  oteep,  reachiog  id  plates  49'.  and  are  broken  by  two 
'  cimfigaratiim.  On  the  south  ia  a  terrace  troat  40  to  50  feet 
e  level  uf  the  monod  at  the  east  and  eoding  in  »  nearly  level 
rjiiareat  the  went  end.  This  platform  isabont  20  feet  tower 
■n  not  appear  to  bare  bad  means  of  commnnieation  with  ile 
r  teirai-e  has  been  called  a  roadway,  but  it  has  more  the 
I  to  the  p-iat  moond  in  process  of  cooHtmction.  The  other 
H  a  graded  way  extending  out  to  the  east  from  the  aumtait 
eh  1^  all  appearances  is  the  real  roadway  to  the  anmnit. 
ri<et  in  width,  though  somewhat  broken  down  by  erosion, 
21'.  There  can  be  little  dotibt  that  this  moand  was  the 
e  and  that  its  top  was  inclosed  by  a  stockade. 
1  Cunhoina  County,  Miss.,  form  a  group  of  unniinal  ii 
flurKOiiKe.twoof  them  being  oblong  and  with  thill  SI 
rntlou  of  2o  feet.  Scattered  abont  those  lorj^e  monnilii  are 
T  oueit  trom  I  to  6  feet  in  bei|[ht  aD<l  from  10  to  200  fret  ia 
I,  iiH  rcfiiie  indicates,  represent  hoiinesitea.  1'lie  house  floon 
mouthed  on  the  upper  surface  and  the  walls  aiidposBiblj  the 
clny  supported  by  a  framework  of  canes.  The  clay  baa  in 
I,  but  whether  IVom  design  in  building  or  tliruugh  the  <le- 
il'u  by  lire,  is  not  cosily  determined.  There  are  numeroae 
nler  of  tlii^  situ  from  which  the  oiirth  used  in  building  the 
tied.  The  uruu  covered  by  the  village  is  three-fourths  of  a 
wide. 

Mr.  lEolmea  began  the  systematic  exploration  of  the  tide- 
tid  and  Virginia,  which  iucluded  a.  study  of  the  art  renaiut 
f  hIikII  biiuks  and  village  sites,  us  well  as  the  mapping  of  all 
t  to  tliii  historian  andtho  nrchieologiat.  In  thie  work  he  wu 
I  hiiiwiddiu  and  for  a  ahc)rt  period  by  Mr.  (lerard  Fowke. 
ii\'ideiK'u  it  l.i  known  that  the  tide-water  region  was  occn- 
(lUJan  stuck  bi'longiiig  to  the  Powhatan  Confederacy.  So 
I'i'iipied  this  coiinlry  that  along  the  water  conrses  nearly 
-«  evidence  nf  occupation,  and  in  the  aalt  and  brackiih  sec- 
it  aholl  blinks — the  kitchen-mtddensof  this  people — covet  the 
iiiiis  linca.  So  numerons  were  the  sites  that  a  carefnl  stady 
mprai'tii'itble,  and  it  was  determined  to  select  for  detailed 
liber  of  thi>M>  that  are  typic.1l.  Ou  the  Potomac  tbofoUow- 
<'hiMeu  for  »s|)iviiil  study:  The  vicinity  of  the  Little  Talli. 
t:  the  site  of  Smith's  town  of  "  Sacotcbtank,"  Jiow  AuiUMi- 
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tia;  "  ChapowamBie "  iBland  at  tho  month  of  thu  i-reek  of  tbnt  namp;  tbe  site  of  the 
Tillage  of  "Potowomeck"  on  I'otomao  Creek;  the  ahell  depoHits  of  GuOHn  Creek,  a 
bnnch  of  Port  Tohiicco  Eiver;  the  great  ahell  inuunds  of  Pope's  Crei-k,  and  tho  oys. 
terdredgiog  stations  alioiit  the  mouth  of  Wicomieu  Elver.  Many  sit^s  upon  the 
wnt  shore  of  Chesapeake  Bay  aud  on  tbe  Patuxeot  River ;  also  mauy  village  a'ltva 
npon  the  Jnmea,  luuat  of  tbem  meutioned  and  located  by  Capt.  John  Smilh,  were 
visited  and  eiaminHd.  Tbese  iuclmle  "Cheaupeac,"  ou  Lyiinhaveu  Bay,  Vir^nia, 
"Nansatnund,"  ou  Chnckatnck  Creek,  west  of  Norfolk;  Jamestown  lalaud;  "Cha- 
wopo,"  " Paspiiliegh,''  and  "Qiiiyoughcohannock,"  near  Clearmont;  "Weanock,"  on 
Eppes  Island,  opposite  Cily  Point;  and  "  Powhatan"  just  below  Richmond.  Tlie 
art  remains  procured  from  these  hjsturio  James  River  »it««  are  identical  in  nearly 
every  respect  with  tbe  Potomac  and  Chesapeake  relics,  a  fact  which  bears  strongly 
npoQ  tbe  qnestion  of  the  unity  of  tho  art  remains  and  tbe  identity  of  the  peoples  of 
the  tide- water  conntry. 

Hr.  Gerard  Fowke  entered  npon  his  dntiea  as  assistant  arcbieologiat  on  May  1, 1891. 
He  began  at  once  the  exploration  of  thi:  James  River  Valley,  and  at  tbe  close  of  the 
jt*i  was  making  excavations  in  an  ancient  cemetery  near  Cale,  Allegheny  County, 
Va.  Tbe  object  of  ihat  work,  aside  from  the  nsiiiil  archieologic  explorations,  in  to 
determine  tbe  western  limits  of  arcaa  occupied  by  the  Algonqniiiii  tribes  and  the 
eaalem  limitations  of  the  varions  groups  of  peoples  belonging  to  tbe  west. 

As  above  mentioned,  the  field  work  upon  monnd  explorations,  wbieh  for  severs] 
yean  bad  been  under  tbe  charge  of  Prof.  Cyrns  Thomas,  was  diHcoutiuued  except  so 
Car  as  was  fonnd  necessary  to  correct  some  errors  and  supply  some  omissions.  Mr. 
Henry  L.  Reynolds  was  the  only  one  of  tbe  former  assistants  in  tbe  mound  division 
who  was  retained.  Ho  was  engaged  during  the  early  part  of  the  last  fiscal  year  in 
makiug  examinations  ami  lesnrveys  of  certain  ancient  works  in  Obio,  and  iu  the 
■pring  of  1891  wus  sent  to  South  Carolina  to  examine  several  important  works  in 
tbut  State.  Owing  to  severe  illness,  which  terminated  in  liis  di'alh  (on  April  17, 
1891}  while  in  tbe  field,  this  last  trip  was  unpro<luctive  of  scientific  results.  By  tbe 
death  of  Hr.  Reynolds  tbe  Bureau  has  lost  a  skillful  and  inilustiions  member,  and 
■rch;Fology  an  enthusiastic  student.  For  some  time  previous  to  bis  death,  in  addi- 
tion to  his  other  duties  as  assistant  to  Prof.  Thomas,  hehadl>efU  engaged  in prejuLriug 
*  paper  ou  the  prehistoric  metallic  articles  of  tbe  mound  area.  Tlic  only  otlier  Held 
work  performed  in  relation  to  the  mounds  bos  been  above  exiilaineil.  In  order  to  as- 
sist Prof.  Thomas  in  obtaining  correct  illustrations  and  plats  of  certain  groups  iti 
Uisstssippi,  Arkansas,  anil  Wisconsin,  which  were  dei'med  of  more  than  ordinary 
importance  in  tbe  study  of  tbe  architology  of  the  mound  region,  Mr.  Holmes  visited 
those  groups  and  made  careful  survey  drawings  of  them,  besides  collecting  inipur- 
tant  djtta  concerning  them. 

Late  in  November  Mr.  Coenott  Miudeletf  was  ordered  to  proceed  to  the  Caea 
Grande,  on  tbe  Gila  Kiver,  in  Arizona,  and  examine  that  ruin  .with  a  view  to  its 
preeervation  as  provided  for  by  act  of  Congress,  also  to  prepare  plans  an<l  s)>ccilica- 
tiona  and  make  eoutracts  for  tbe  work.  He  was  further  directed  to  make  an  exami- 
nation of  the  valley  of  tbe  Rio  Verde,  and  collect  the  data  for  a  report  upon  tbe 
ircbKology  of  that  region.  Owing  to  unforeseen  delays  the  contracts  for  the  Casa 
Grande  work  were  not  executed  until  May  15, 1891,  and  were  approved  by  tho  Secre- 
tary of  the  Interior  late  in  June,  bnt  snbsei|uently  tbe  time  for  tile  completion  of  the 
work  was  extondeil  two  months.     It  will  he  completed  by  October  1. 

Daring  his  stay  in  the  vicinity  of  the  Caxa  Grande  Mr.  MindelefT  made  surveys  of 
the  ruin  proper  and  of  tbe  large  mill  of  which  it  forms  a  part,  together  with  photo- 
^phs,  detailed  plans,  sketches,  and  notes,  with  a  view  to  a  detailed  roport.  He 
feoDd,  among  other  results  of  his  examination,  that  the  ruin  is  now  stamling  to 
wiUun  a  very  few  feet  of  the  height  it  bad  when  built  and  oeeupied. 

Pending  the  execution  and  approval  of  tho  eootracts  for  tho  Casa  Grande  work, 
Hr.  Uiudeletf  made  an  examiuation  of  the  valley  of  the  Rio  Verde  from  its  month 


32  KEPORT  OF   THE   SECRETARY. 

to  Cnmp  Venio  And  bojotid.  This  rugioii  biul  never  been  thoroaghl;  examined,  ud 
it  wns  rteemed  highly  probable  that  it  would  prove  as  rich  in  archsrologic  temaina 
as  the  region  aboat  Camp  Verde.  SuKh,  bowevvr,  proved  Dot  to  be  the  caae.  i. 
chain  of  Bettlemonts  was  found  eEteuiling  from  Camp  Verde  aoiithward  nearly  to 
Fort  McDowell,  but  ,the  mine  are  not  ao  numeroua  aa  in  the  region  immedialelj 
abuut  Camp  Vurde.  About  10  mileu  below  the  latter  an  extensive  and  well  pre- 
Hcrved  group  of  cavate  dwi'llintrn  was  fuiiod. 

The  bitildings  throughout  the  whole  VoTilo  Valley  now  in  ruiUH  were  constnicted 
of  Blabsof  i^alcareuna  rock,  or  of  river  bowlders,  or  of  both,  and  in  their  construction, 
lurntion,  and  ground  plana  are  afflliatrd  with  the  northern  type,  rather  than  with 
the  Houtbcni  type,  of  which  the  best  example  is  the  Cnsa  lirande  on  the  Gila  River. 
Data  for  a  report  upon  the  ruins  in  the  valley  of  the  Rio  Verde,  and  upon  the  irri- 
gating ditches  unil  hotticnltural  systems  there  pursueil,  were  collected,  and  will  be 
prepared  for  publication  at  once.  Mr.  Mindeleff  remained  in  the  field  until  after  the 
close  of  the  fiscal  year. 

General  Field  Sludiei. — Hra.  Matilda  C.  Stevenson  remained  at  the  Pueblo  of  Sia, 
New  Mexico,  ^om  July  to  September  IS,  1890.  She  wna  diligently  engaged  in  com- 
pleting her  atudiesof  the  cuatoma  and  mythology  of  the  Sia  ludlansexplainedintbe 
last  annual  report.  Their  cosmogony,  and  the  rites  of  their  secret  cult  societies,  wera 
made  by  her  special  aubjccta  of  investigation,  with  the  view  of  securing  a  clearer 
understanding  of  their  mythology  and  religioua  practices. 

Dr.  W.  J.  Hoffman,  in  July,  visited  the  Menononee  Reservation  at  Keshena  and  the 
Ojibway  Reservation  at  Lake  Court  Oreilles,Wis.,  the  Ojibwa  Reservation  at  La  Point, 
and  the  Ottawa  Indians  at  Petoskey,  Mich.  At  Keshena  he  attended,  by  request  of 
the  Indiana,  the  annual  ceremony  of  the  Mitawit  or  Grand  Hcdiciue  Society,  an 
order  of  shamans  or  priests  professing  the  power  of  prophecy,  exorcism  of  demons, 
the  cure  of  disease,  and  the  ability  to  confer  success  in  the  chase.  The  introductory 
portion  of  the  ritual  of  initiation  of  this  society  embraces  the  diamatixation  of  the 
Menomonee  ideas  of  coamogony  and  the  genusia  of  mankind,  the  reception  by  the  Id- 
dians  from  the  Great  Manito  of  the  power  of  warding  off  disease  andhungrr,  andin- 
etructiou  to  candidates  ait  to  the  proper  mode  of  living,  so  as  to  gain  ailmissiou  into 
the  realm  presided  ovit  by  Naqpote,  the  wolf,  who  is  brother  of  Manabush,  Uw 
mediator  between  the  Menomonee  and  the  Great  Manito.  The  services  of  initiation 
of  thvs"  ceremonien  are  preceded  by  a  mortuary  ritual  lasting  one  entire  nigbt,  in 
honor  of  the  di'ceaseil  member,  whose  place  is  filled  later  on  by  the  initiation  of  » 
substitute. 

Investigations  were  made  at  the  Menomonee  ceremony  to  compare  it  with  a  similsr 
ritual  fouTid  among  thoOjibwaya.  It  appears  that  the  Menomonee  prai^ tines  are  off- 
shoots from  the  Ojibway,  and  also  that  where  (he  Ojjbway  shamans  repeat  certain 
phrases  in  an  archaic  form  of  liinguagi>.  as  banded  down  to  them,  the  Menomonee 
employ  Ojibway  wgriis  and  phrases,  perhapH  to  mystify  the  hearera,  or  perhaps  be- 
cause the  ritual  was  obtained  ttoia  the  Ojibway  in  that  form.  The  preparation  of 
textile  materials  used  in  the  manufacture  of  the  several  kinds  of  mats  made  by  the 
Menomonee  was  also  investigated  and  typical  specimens  were  aeoured.  Water  color 
anil  other  sketi'hes  were  maile  to  illustrate  ceremonies,  daily  avocations,  the  abor- 
iginal houses,  grave  boxes,  and  other  objects  of  interest. 

irpou  the  completion  of  hia  work  at  the  above  reservations,  Dr.  Hoffman  prooeded 

._   .  _  n_i. ..  .._  i..    ..-_    .r.t..  ^isL "inmen  concerning  certain  sacred  birch-bark 

Lctiou  of  candidates  into  the  society  of  aba- 
matiun  relative  to  theexplanationof  picto- 
'isited  the  Ottawa  Indiana  on  the  eastern 
w,  to  aacertain  whether  the  ceremonies  of 
I  prauliccd  by  them.  This  body  of  lodiaiu 
lagan  rites,  but  asaert  that  a  band  of  (be 
id  Traverse,  adheroa  to  the  piimitive  belief, 
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Hr.  JuDM  MooDe;  mailo  a  stiort  visit  iu  July  to  th«  monntaiti  region  of  North 
C*ri)liii»  uid  Tonuesaee,  the  former  home  of  the  Chorokuex,  for  the  pnrpoBe  of  col- 
iKting  additioQul  facto  for  his  monogrnpli  npon  thnt  tribe,  tu  couuHctiun  with  the 
ume  work  ho  had  intended  to  vittit  the  Cherokee  Natiou  m  thu  ludiau  Territory  111 
tbe  fiillowing  wiDter,  but  in  the  meantime  the"MBssiab  religion"had  betnin  to 
itlract  eo  much  attention  that  he  was  directed  to  investigate  that  subject  also  at 
the  ume  lime,  an  well  aa  to  gather  more  material  bearing  upon  the  linguistic  afflni- 
lieiof  the  Kiowa  tribe.  He  left  Washington  December  22,  and  proceeding  at  once 
to  tbe  Cheyenne  and  Arapahoe  Reservation  iu  ludiau  Territory,  where  the  ghost 
ilaneca  were  iu  fall  progress,  remained  for  several  weeks  studying  the  dance,  mak- 
ing phutographs,  nnd  collecting  the  songs  used.  This  lost  was  the  most  important 
put  of  the  study,  aa  most  of  the  Messiah  religion  is  embodied  iu  songs  many  of 
which  go  to  the  root  of  Indian  mythology.  That  religion  is  a  remodeling  of  aborigi- 
sal  beliefs  as  iufiiieuuud  hy  the  ideas  of  Christianity  lately  imhihod  from  the  white 
nun,  lo  be  used  for  the  uttei  confounding  of  the  whil«  man  himself.  It  is  iu  no 
WDse  a  warlike  movement.  It  is  somewhat  remarkable  that  the  ghost  sougs  in  use 
!i;  the  various  tribes  are  almost  all  in  the  language  of  the  Arapahoes,  the  members  of 
that  tribe  Iieing  the  most  active  propagators  of  the  new  religioD  and  their  laogaage 
bring  peculiarly  adapted  to  mosic. 

He  then  proceeded  to  the  Kiowa  ReBtirvation,  whereliugnistic  aud  other  materials 
"tte  obtaiued,  by  iKliich  it  may  bi^comu  possible  to  fiually  classify  that  hitherto 
Lwilsled  Iribt;.  Additional  ghost-duure  material  was  also  collected.  After  revisit- 
iugthe  Cherokee  Nation,  where  several  wei^ks  were  devoted  to  gathering  infonua- 
tioD,  especially  in  regard  to  the  Indian  geography  uf  upper  Georgia,  ha  returned  to 
Wuhington  early  in  April. 

In  accordance  with  arrangements  for  the  World's  Columbian  Exposition  it  was 
decided  lo  make  a  tribal  exhibit  from  one  of  the  more  primitive  prairie  ttibos.  The 
EiowM  were  selected  for  the  purpose  aud  the  work  was  assigned  to  Mr.  Mooney, 
vhost  once  prepared  to  return  to  their  reservation.  During  Hay  and  Jane  he  col- 
lected a  large  variety  of  articles  illnstrative  of  the  home  life,  art«,  dress,  aud  cere- 
mouialB  of  the  tribe,  and  was  still  iu  the  Aeld  at  the  close  of  the  fiscal  year. 

OFFICK   WORK. 

The  Director  during  the  year  devoted  all  tlie  time  be  could  spare  from  other  offl- 
ciil  dnties  to  the  completion  of  a  work  oa  the  linguistic  families  of  North  America. 
HIa  ondertakiDg  to  classify  the  North  American  languages  so  as  to  be  of  scientilio 
>ilosaswell  asof  practical  use  has  been  ciplaiued  iu  previous  reports.  This  cisesi- 
Ecatioa  is  recognized  to  be,  when  properly  made,  an  indispensable  preliminary  to 
■U  leenrate  ethnologic  work  relating  to  this  continent.  The  essay,  with  its  accom- 
panyhig  liugniatic  chart,  was  delivered  to  the  Public  Printer  d u ring  the  year,  to 
fonn  part  of  the  seventh  annual  report  of  this  Bureau,  though  that  volume  at  this 
dite  b>*  not  yet  been  actually  tssaed. 

Col.  Garrick  Mallery,  U.  S.  Army,  during  the  year,  when  not  occupied  in  special 
uil  occasional  dnties  designate*!  by  the  director,  was  engaged  in  arranging  for  pub- 
licilion  the  material  gatberfd  by  him  during  several  former  years  on  the  general 
thecne  of  pictography.  That  title  is  used  to  embrace  all  modes  of  eipressing  aud 
Mnmanicating  thoughM  and  fact«  tu  a  durable  form  without  referenoe  to  sonnd. 
^ch  modes  of  expression  being  at  one  time  if  jiol  Ntill  in<Iependent  of  oral  language, 
the  itndy  of  their  history,  evolntion,  and  practice  may  assist  in  the  solution  of  some 
ethnic  and  psychic  jirohlems,  and  may  verify  or  modify  some  theories  of  anthro- 
pologic import.  In  the  scheme  of  arrangfuient  for  pnblicatiou  the  objective  eihibi- 
tion  of  mental  concepts  by  the  North  American  ludiaus  has  been  claasitled  with 
proper  predomiuakoe,  aa  it  has  oioecdiHl  in  interest  all  others  knowu  which  have  not 
pHud  beyond  the  UsundnricesepaTHtiug  ideograms  aud  emblems  from  syllabaries 
Md  ilph^ate.  Iu  acder  to  promoto  eiplanation  and  comparisou,  however,  copies 
H.  Uis.  33<^  pt.  1 3 
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And  descriptions  of  h  large  nambor  of  petroglyphs  and  other  forma  of  pich>gnphi 
fonnd  in  Eiiropi-,  Asia,  Aftira,  Anetralin,  tuid  in  mauy  islnuda  have  bocn  collated  tot 
tbu  publication  of  selected  and  tj^iical  illuatratious.     With  the  aauie  objert,  stiD 
more  vaniest  attention  has  been  directed  to  the  synoptic  presentation  of  illnstratiaiu 
fVom  Mexico  and  Central  and  Sonth  America,  as  being  presDmably  more  closely  con-    i 
nected  than  is  the  eastern  bomiBphere  with  the  similar  develapmenta  found  in  tlu    I 
present  area  of  the  Unit»l  States,  whether  enduring  on  rocks  with  antborabip  im-    ! 
known,  or  actnaU;  in  current  nse  among  most  of  the  Indian  tribes.    At  the  closp  of    ' 
the  fiscal  year  the  treatise  was  subiitantially  completed,  the  delay  in  its  delirpry  la 
the  Public  Printer,  as  the  rontenta  of  one  of  the  forthcoming  volumes  in  the  eeriw  at 
annual  reports  of  thifl  Bureau,  being  occasioned  by  the  preparation  of  the  large  nimi- 
ber  i>rilluBt rations  required. 

Mr.  Heory  W.  Henshaw  during  the  entire  year  devoted  his  time  to  ailiainistrstiTC 
work  and  tocontinuing  the  preparation  of  the  Dictionary  of  Indian  Tribes,  beforen- 
plained  in  ilttail. 

Prof.  Cyrus  Thomas  was  engaged  during  the  year  chiefly  in  the  preparation  of  tbi 
second  volume  of  his  report  on  the  archeology  of  the  mound  area  of  the  Unitnl 
States,  and  other  office  work  necessary  in  connection  nith  tlie  publication  of  s 
bulletin  on  the  list  of  mound  localities,  the  preparation  of  maps  therefor,  and  of  illoi- 
trutions  for  the  first  volume  of  his  report.  When  the  whole  manuscript  was  takm 
np  for  examination,  preparatory  to  printing,  its  Imlk  was  found  to  be  too  great  fot 
one  volume.  It  was  then  decided  to  publish  the  part  relating  to  mound  locaUtira  is 
a  bulletin.  As  this  necessitated  some  change  in  the  manuscript,  the  opportunity  iru 
embraced  to  iuc^orporate  the  additional  data  which  bad  been  obtained.  The  bnlletiD 
was  in  print  at  the  close  of  the  your,  though  not  yet  issued. 

Mr.  W.  H.  Holmes  included  in  his  office  work  the  preparation  for  the  monograpbi 
of  Prof.  Cyrus  Thomas  of  papers  upon  pottery,  shell,  textile  fabrics,  pipes,  and 
other  productions  of  the  mound-building  tribes,  and  the  writing  of  reports  upon  tbe 
Dumenius  explorations  made  during  the  year.  These  reports  have  been  brought  np 
to  date  and  are  on  file.  He  has  adopted  the  policy  of  preparing  reports  npon  Edd 
work  for  file  as  the  work  proceeds,  and  his  assistants  are  expected  at  the  close  of  each 
separate  piece  of  exploration  or  unit  of  study  to  make  a  report  upon  it  of  asufficienlly 
finished  nature  to  serve  the  purpose  of  record  anil  reference  in  case  of  their  disabilitr 
or  separation  trom  the  ofHce. 

Rev,  J.  Owen  Dorsey  prepared  the  index  to  his  monograph,  The  iTegiha  Langnags- 
Myths,  Stories,  and  letters,  and  corrected  the  proof  sheets  of  the  second  part  of 
that  volume.  He  resumed  his  work  on  the  Cegiha-EngUsh  dictionary,  inserting 
many  new  words  occurring  in  the  texts  and  referring  to  each  now  word  by  page  and 
line  of  the  text.  He  devoted  considerable  time  to  the  synonymy  of  the  Athapaseai, 
" ItH 
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tuing  the  flsoal  year  wm  engaged  iu  oWoe  work  only, 
manuscript  of  the  "  Ethnogiapliio  Sketch  "  of  bis  work, 
oiitIiweat«rD  Oregon,"  which  woe  pubtiRhed  during  the 
jOntribntioQA  to  North  American  Ethnology,  be  read  the 
leted  iu  October,  1890.  Since  then  he  taaa  been  eitrort- 
tie  Tocabulariea  and  other  matter  collected  by  him  during 
ork  ia  dow  accomplished  concerning  the  Tunkawe,  the 
Powhatan.  That  relative  to  the  Creek,  will  soon  be  cum- 
peTsoual  tribal  and  vocal  names  of  Indian  origin  were 
led  iu  the  intervaU  of  the  above  work. 
□ed  the  arrangement  and  claBsification  of  material  relat- 
ms  of  the  OJibwa  Indians,  which,  together  with  niiuicr- 
sred  for  publication,  and  will  form  part  of  the  Seventh 
au.  This  work  will  present  ftom  aboriginal  rscords  an 
raditions  of  cosmogony  and  genesis  and  the  dramatized 
g  to  the  same.  The  mnsical  notation  of  the  songs  and 
I  dnriug  the  ceremonies  of  initiation,  and  copies  of  all  of 
Qg  the  mnemouic  characters  relating  to  the  rttnal  will 
er,  together  with  the  original  texts.  Dr.  Rottoian  has 
aboration  of  the  data  and  sketches  relating  to  the  pie- 
rage of  the  North  American  Indians,  secured   by  him 

^the  earlier  part  of  the  fiscal  year  to  the  elaboration  of 
first  resnits  of  which,  under  the  title  of  "  Siicred  Formu- 
appear  in  the  Seventh  Annual  Keportof  the  Bureau.  He 
iptive  catalogue  of  his  previous  ethnologic  collections 
gau  work  on  a  paper  contending  that  the  South  Atlantis 
led  by  a  number  of  Siouau  tribes,  if  indeed  that  region 
)f  the  Siouan  stock.  In  connection  with  this  investiga- 
ngniatic  material  from  the  Catawban  tTtl>es  of  Carolina 
eh  has  before  been  published  by  this  Bureau,  that  they 
ily.     Mt.  Uooney  also  at  intervals  assisted  on  the  Dic- 

y- 

continued  his  bibliographio  work  throughout  the  fiscal 
wt  report  he  was  engaged  in  reading  proof  of  the  Bihli- 

Langnagoe.  The  volume  is  now  ready  for  the  press,  and 
82  full  page  illustrations,  chiefly  facsimiles  of  the  title- 
wies,  and  other  interesting  bibliographic  features.     It  is 

be  ready  for  distribution  during  the  autumn  of  1891. 

in  it  ie  one  relating  to  the  labors  of  "Apostle"  Eliot 
nchnsette,  and  more  especially  tu  bin  linguistic  work.     As 

and  the  most  noted  of  those  engaged  in  this  line  of  work, 
oted  to  him  and  his  works,  and  it  was  thonght  proper  to 
e  form.    It  is  noted  below  under  the  heading  of  Publi- 

>  be  connected  with  the  U.  S.  Geological  Survey,  being 
)f  Ethnology,  his  appointment  taking  effect  Hay  1,  1891. 
{uagea  proposed  to  form  the  subject  of  his  next  biblio- 
ipsscan. 

nntinued  his  work  on  the  Tiiskarora  dictionary,  the  Toe- 
;  well  advanced  and  the  English-Tnskarora  part  com- 
•r  the  compilation  of  a  complete  grammar  uf  the  Tuska- 
I  added  to  that  before  acquired.  For  Cbis  object  suc^ 
I  defective  verbs  as  have  been  recorded  in  the  dictionar 
1  the  derivative  forms  of  which  they  are  nusceiitible ; 
ik.    Several  regular  Torbs  have  also  been  conjugated  1 
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develop  all  their  known  durivutive  forms.  The  Dumber  of  possible  derivative  funiH 
of  a  regular  verb  in  the  several  conjugations  is  estimated  by  Ht.  Hewitt  to  varj 
between  2,800  and  3,000.  This  nnmeratiun  isof  interest,  becanee  it  has  beenisserted 
by  atndenta  of  Indian  languages  that  the  number  of  possible  derivative  fomu  of  M 
Ami>rican  Indian  verb  is  infinite,  and,  secondly,  because  it  has  been  estimated  tbit 
a  Greeli  verb  so  conjngfttod.  would  be  represented  by  about  1,300  forms. 

Grammatic  gender  has  also  receiveil  special  attention.  There  ore  in  the  Tiuksror»- 
Iroquoian  tongue  three  genders,  which  Mr.  Hewitt  names  the  anthiopic,  ths  zoic, 
and  Ibe  azoic,  which  ore  expressed  through  the  preGi  pronoons  only.  In  the  in- 
thrupio  gender  alone  sex  distinctions  ore  found,  and  hence  there  ore  masouUse  and 
feuiinine  pronouns  therein.  But  in  the  Eoic  and  azoic  genders  sex  is  not  indicated. 
Hence,  by  the  prefit  pronouns  the  objects  of  disooDXSe  are  classified  into  three 
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•"^  f      """WingB  were  prepai^d  from  field  surreye  and  sk 

■j^,       ™  'no  collectioDS  bronght  in  by  the  ethnalogistH. 
Photoim"*"-^™^'''"  work  remains  under  the  able  mftnagement  of  Mr.  J.  K,  Hillera. 
^*in«t  ■     °  ""S"*''**  were  secured  from  sittings  of  Indians  representing  the  fol- 
tive^w,"'***'  ''^-  Sac  and  Fox,  Senecos,  Creek,  and  Cherokee.     From  these  nega- 
•^  prints  ^Bro  furnished. 


PnSLICATIONB. 


^e  pnblioatioM  issued  dnring  the  year  are : 

IndiftiT**''*'*'"'""* '"''*"*'' *'"*""*°  *'""'"'''*^'  ^o'"""*"'  Parti;  The  Klamath 

^Tr^^'*'™'>the«atern  Oregon,  by  Albert  Samuel  Oatschel,  a  qaarlovolDme  of  cvi  + 

Dl   ^t^  ^"^  ''"^'    ^^'^  P"^  includes  an  ethnographio  sketch  of  the  Klamath  peo- 

Klam    k  "^  ***"  Klamath  langaage,  with  explanatory  notes,  and  a  grammnr  of  the 

KUou  k  '*''^''*8®-    Th*  e«M!ond  part  comprises  the  KIunatb-English  and  English- 

i»niath  dictionaries.     It  was  in  type  at  the  ead  of  the  last  fiscal  year,  but  was  not 

(21^"**  ftom  the  Public  Printer. 

'  °>'>IioKraphic  Dotes  ou  Eliot's  Indian  Bible  and  on  his  other  translations  and 

*  in  the  Indian  language  of  HassibchoBetts.     This  is  an  abstract  from  a  "  Biblio- 

P»B«i  1^    "'^  Algonqnian  Languages,"  by  James  CoDstantine  Pilling,  and  forms 

tjj       ^^""ISioftheAlgouquian  Bibliography  to  be  soon  issued.    As  separately  issued 

T^    ,    Notes  "  constitute  a  royal  octavo  pamphlet  of  58  separately  numl)en)d  pages. 

j(  ,  "^Wd  and  fifty  copies  were  printwl  and  isHuoii. 
'ho  offl*'*''  ''"''^™''"'  pleasure  that  attention  is  called  to  this  abstract  of  the  work  of 
*'**t  z«ti*  °^  '''"  ^'''**''  during  the  term  of  a  single  year.  By  long  training,  by 
•^alta  T  ""'  ^^  *'*"''  scientific  insight,  these  gentlemen  are  now  able  to  accomplish 
i«8eiirc|  .  y"""!  Bipectations  when  the  Bureau  was  originally  organised.  The 
**'^Uie  i]  *"  ^^'^  field  have  passed  beyond  the  elementary  stage,  and  the  signiflcance 
y  '*  being  rapidly  gathered  becomes  more  and  more  apparent. 
*fr  ^Mpectfully  yours, 

J.  W.  POWBLL, 

Director,  Burtau  of  Etknologg. 
^^°^titrg  Smithsonian  InMlitution. 
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EEPOET  OF  THE  CURATOR  OP  EXCHANGEa  FOB  THE  TEAR  ENDING  JUSE 


Sir:  I  have  the  Uooor  to  preaent  the  fnllowin);  brief  statement  of  the  operations 
of  tlie  Bureau  of  lateTnatioual  Exchanges  fur  the  fiscal  year  ending  Jnne  30,  ll!l91. 


P  TEIE   BUREAU. 


The  work  doue  b;  the  Bnreaii  during  the  year  is  snccinetly  atttted  in  the  Annexed 
table,  iirepared  in  a  form  similar  to  that  adopted  is  preceding  reports : 

Traniactiont  of  the  Bureau  of  Inla-nationat  EnAmige*  iuring  the  Jiteat  year  IS90-'9I. 


i  - 

ii 

Lodger 

itfounW 

!t 

i 

t 

E 

1 

■=1 

n 

h 

1  a 

a 

-2 

•J 

n 

ll 

J 

1} 

^a 

t- 

li 

i« 

1*' 

!•' 

a 

1 

t,  Google 


r  OP  THE  SECRETARY 


s  growing  1«  very  plainly  aliown  by 
aes  of  reports  xince  1886  in  the  talil« 


1«8»-'8I.     18»7-8a. 

01,  MO        TS.IOT 
U1.3tt3'    141 

!  ■•«'!  I 

10, 2M         13.301 
15.2Sg  <     i: 


]8es-'e».   ies»-'90. !  ino-'>i. 


1,SB8 
4.Z0T 
2».UT 


7a,  DM 

.2.572I 

79,  eat 

a»2,«7 1 

4,  400 

s.m 

I.ISS 

1.431 

2,010 

3.100 

17, 2U 

la.sio 

14,080 

1B.04S 

i,W 

1,000 

EXPENSES. 

Bniean  are  met  in  part  by  direct  appropriation  from 
roprintiono  made  to  Oovenuneut  DopArtments  or 
itfnoda  or  in. specified  terms  for  repayment  to  tbe 
-tioQ  of  the  coRt  of  transportation.  To  each  of  tlie 
g  or  receiving  publications  tfarongh  the  Smitbsonian 
per  ponnil  weight  ia  made  under  the  authority  of  a 
nto  in  1878,  this  charge  being  neceHsary,  as  the  ftp- 
irertly  to  the  Institiitioo  for  exchange  pnrposeo  has 
>  entire  roat  of  th(t  work.  For  similar  reasons  it  has 
fharge  of  the  same  amount  to  State  institutions,  from 
as  been  received. 
Congress  for  the  year  I890-'91  wtis  in  the  fallowing 

International  Exchanees  hctwei-n  the  t'nitcd  States 
I  direction  of  the  Smithsonian  Institution,  ini'Iudin); 
necessary  employ (>s,  917,000. 

ts  by  tbe  accounting  ofDccr  of  the  Smithsonian  In- 
ional  Excbonges,  dated  July  1,  1801,  for  the  pTece<I- 


RECEIPTS. 

M «7,000.00 

Institution  from  United  States  (iovcm- 

3,361.13 

9.95 

20,371.07 
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niflBCRBF.MBNTS. 


Freight 

Puhliig  boiu... 
Printing 


The  above  table  snows  that  tbe  entire  tunonnt  received  from  GovemmeDt  Bnreaiu 
wag  $3,371.07,  makiugtheBDm  practically  appropriated  $20,371.07.  Previous  raporta 
Lave  pointed  ont  the  desirability  of  combining  in  a  single  it«m  the  various  appro- 
prlatioDS  for  tbe  Exchange  service,  now  divided  in  comparativelj  Hmall  sums  aaoag 
eevsial  of  the  large  appropriatioD  bills.  For  the  year  1890~'91  an  estimate  for  the 
entire  expense  of  the  service  of  $29,500*  was  submitted,  thia  sum  being  intended  to 
include  these  smaller  amonnts  allnded  to  and  also  an  item  of  $2,000  to  cover  the  ex- 
pense of  an  immediate  exchange  of  Parliamentary  documents  with  the  conntries 
entering  into  the  treat;  of  Brussels  of  IS86,  as  well  as  to  provide  for  a  proper  com- 
pensation to  several  of  the  larger  at«amBhip  companies  for  transportation  of  freight, 
a  service  now  performed  without  charge.  The  amount  appropriated  was  $17,000,  ui 
inoieoae  of  $2,000  over  that  of  the  preceding  fiscal  year. 

CORREHPONDENTB. 

The  name  of  each  correspondent  of  the  Bnrean,  whether  society,  institntion,  or 
Individual,  is  entered  npou  a  large  card,  which  shows  all  packages  received  at  the 
Bnrean  for  the  person  or  institntion  and  also  the  packages  sent  to  the  Bnisau  for 
distribatlOQ.  Those  cards  have  now  accumulated  to  the  nomberof  18,848,  divid(4 
into  foreign  societies,  foreign  individuals,  domestic  societies,  and  domestic  individ- 
nols.  The  imlividuaU  that  have  died  lind  the  societies  that  have  ceased  to  exist  ar« 
still  retained  for  convenience  of  lefereace  in  tbe  same  file. 


Societiea  uid  isatitntloD 


A  comparison  with  similar  figures  for  1SS9~'90  shows  a  total 

INTERNATIONAL  EXCHANGE   OV   OVFICIAl.  UOCL'UENTS. 

Under  the  treaty,  the  teit  of  which  was  given  in  fnll  in  Dr.  Kidder's  Report  m 
Elxchangea  for  the  year  188T-'88,  tbe  exchange  of  the  official  publications  of  the 
United  States  Govemmfint  with  the  other  Governments  adhering  to  the  treaty,  is 
conducted  throngh  the  Smithsonian  Institntion  Bureau  of  International  Exchange. 


*  See  report  of  the  Secretary  of  the  SmithBoniau  Institution,  1890,  pages  ISond  19. 
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Ud  Oiia,  together  with  the  tranraiiuioa  abroad  ot  the  publicAtiooB  of  the  varioiiB 
departments  or  bnreans  of  the  Oovenuneiit,  now  forma  b  very  large  proportion  of 
Ibe  Burean's  work. 

The  entire  nnmber  of  publications  sent  abroad  dnring  the  year,  nnder  the  provi- 
sion of  the  act  of  Congreaaof  Harrb  2, 1867,  was  20,683,  and  thoro  have  been  received 
in  retnrn  8,836  packages  or  volumea.  The  United  States  Government  Departments 
Iwve  forwarded  to  tbeir  correspondents  abroad  through  the  Bureau  20,041  packages, 
ud  Iiave  received  in  return  11,764  packages.  The  total  then  of  the  exchanges  on 
Govemment  aoconni  has  tieen  20,600  packages  received,  and  40,724  sent  abroad,  a 
total  of  61,324  packages  or  67.75  per  cent  of  the  total  number  handled.  This  ez- 
ihange  on  account  of  the  Govemment  Bureaus  is  shown  iu  detail  in  the  following 
Uble: 

SUtttmrntt  of  soventmenlnl  exduatga  dwtrihuled  dnring  Ihe  year  1390-^91. 

I        Pack*g(«.  Vackogea, 

Beoelnd'    Sent  KHwived     Snot 


AoFrictD  Ephemorl* 

Am]-  Medial  Moaenni 

AMnplii'slul  ObaervMary  . . 

Att(nie7-GeDer«] 

Bavd  of  IdiUui  CamniMianen. 

Boren  «!  EdocaUOD 

Hueu  of  EUmolng; 


. '  MsUonat  Boinl  of  Hesllb  . . 

.<   Kuillnl  Almanac 

Naiy  DeportDient 

I'  OOcoar  IndiaDAOMn 

<  Office  or  Chief  or  Engiawn 
OrdnHOce  Bureao,  IT.  S.  Ami 
Poet-Office  DepartmeDt . . . . 

,   PabUcPriDUr 


a  or  Uedlcine  and  Bur- 


fisrauor  INaiigatiOD 

BuuaorOrdnaiic«,C3.KaTy. 
BuHu  at  SoUa,  State  Dapart- 


Biinu  of  Hint 

OoBosOffiai 

CoaunlHldiKn  of  tbe  Dfatrict 


CoDptnUeT  of  tlu  Camacj... 

D^artnwat  ot  AgticultDre 

Bepailiueai  of  Intarior  ,..,--- 

DefBtaent  of  I^bor 

It  of  State 


OtBcnl  Land  OSoe 

HouhoT  KepreaentaUvea... 
Bjritingnpbic  Offlca 


Lllmry  of  CoDgrtea  ■ . 
littH-Honae  Board.... 
SMioBal  Acadenr  — 


S Sorgeon-General'a  Oa™ 

S  j PmildentoriliennltedStateo. 

'   Botanic  tiardan 

2   '    D.S.CoaatSurrej 

t' U.a  Commiailonof  Weight* 

ia»  HSO         udHeaaarea 

15  Wi  D.  S.  EnlaoKiloglcal  Commli- 

17  1»         Hon 

H  I      U.  5.  Fl>h  Codunlulon 

16  ,        223      U.  3.  Geological  Survey 

5, U.3.Natlon«lUuMi.m 

1 n.S.Navfll  Obeervalory 

HO  ' tl,  S.  Patent  OIBcb 

2  , U.S.agnnlOnL™ 

I  lI.S.Treaiiury  l>epartin«ii.. 


■I 


'Tbia  flgme  repr— enta  Afty  seta  of  tbe  official  puhlLcaUona  of  the  United  Stalea  Government  rec 
ha  Ibe  Pabllo  Prlnlar.  Forty-three  aata  are  now  dlatribuled  under  the  law.  and  thus  the  total 
lv«(  package*  dlatrlbnted  Bipedeacea  a  reducUoD  o(3,M»,  leaving  m  alotal  ai,3S4  paoka^ 
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Addlog  the  miBOoUuDeciiisexcliangMto  the totalofQoTecnineDtexahftnges,Uie  total 
ll  90,666  packsgea.  Of  this  Dumber  61,619  were  received  for  foreign  and  29,017  fur 
domestic  dintributJOD. 

The  Govenimant  of  Paragaa;,  the  &ret  to  cury  out  the  proriBions  of  the  treat;  of 
BniMela  for  the  immediate  exchange  of  parliamentary  annala,  began  at  the  end  of 
June,  1890,  the  regujai  traDsmiBaion  of  the  Ottcial  Jonmal  and  tbe  Gftiette  of  ttw 
Paiagaay  Congress.  Pending  the  passage  by  Congress  of  a  bill  making  special  pTO- 
vision  to  enable  the  Institntioo  to  carry  out  this  treaty,  as  the  recognized  Exchange 
Bnreau  of  the  United  States  Government,  no  return  for  this  exchange  has  yet  been 
made.  A  bill  appropriating  $2,000  for  the  purpose  named  passed  tbe  Senate  at  tlie 
last  session,  but  failed  to  reach  consideration  in  the  Hoose  of  Representatives. 

It  is  gratifying  to  note  that  on  Jnly  25,  1S90,  anuouacement  was  made  of  tbe  «• 
tablisbment  by  tbe  Oovemment  of  New  South  Wales  of  a  special  board  for  receiving 
and  transmitting  lutemational  Exchange  puliUcations.  Tbe  exchange  with  tliat 
country  has  heretofore  been  effected  through  the  Royal  Society  of  New  Sonth  Wake. 

Notice  was  also  received  of  the  establishment  by  the  Government  of  Umgnay  «a 
December  10,  1890,  of  an  Exchange  Bnreau  designated  as  the  Oficina  de  Deposito, 
Reparto  y  Canje  Internationales. 

RPFICIE'ICV   OF   TEIK   SERVICE. 

The  recommendation  for  an  additional  assistant  in  the  shipping  room  having  re- 
ceived your  approval  by  the  transfer  in  October,  1891,  of  Hr.  George  L.  Snider  from 
the  Smithsonian  to  the  exchange  roll,  it  is  believttd  that  the  exchange  work  at  tbs 
close  of  the  fiscal  year  was  in  more  satisfactory  condition  than  ever  before.  Eight 
thousand  and  ninety-four  more  packages  were  handled  than  in  tbe  previous  year,  an 
increase  of  10.2  per  cent,  and  on  June  90, 1891,  alt  that  could  be  disposed  of  had  been 
shipped,  leaving  but  153  packages  then  on  bond. 

Packages  received  troia  abroad  for  distribution  in  the  United  States  are  sent  ont 
by  registered  mail,  a  record  being  mode  of  each  package  showing  tbe  sender  and  the 
person  or  institution  addressed.  As  a  rule,  this  record  can  be  made,  tbepackogecao  be 
rewiapped  in  stout  paper  and  can  lie  delivered  at  the  posl-offlce  on  tbe  day,  or  within 
one  or  two  days  of  its  receipt.  In  some  instances  where  the  Bureau  is  crowded  by 
tlie  reneipt  of  several  thoueanil  Government  docnmenta,  a  little  longer  delay  naj 
take  place. 

Books  for  distribution  abroad  recoiTed  from  individnals  or  iustitutions  in  the 
Unitwl  States  are  entered  iu  a  similar  way  aud  are  held  until  a  sufficient  nnmber 
have  accumulated  to  make  a  reasonable  shipment  to  anyone  country.  Theyaie 
tlicn  carefully  examined  and  a  list  for  each  country  is  mode  up  and  the  voloines 
pncketl  and  shipped.  Where  a  large  uumber  of  packages  for  one  country  are  re- 
ceived from  any  institution  they  are  usually  shipped  with  a  delay  of  from  one  to  iont 
or  five  days. 

An  Improvement  in  foreign  transraissionn  has  been  made  in  the  Exchange  OIBce 
by  innreosinit  the  frequency  of  shipments.  The  number  of  shipments  to  each  canntr; 
and  the  datu  of  shipment  is  given  iu  Exhibit  A  appended,  bat  the  great  need  at 
present  is  a  morerapiil  communicatiou  with  the  principal  European  countries.  This 
can  only  hi<  elfei-tud  when  the  appropriation  by  Congress  becomes  sufficient  to  enable 
tli<>  iiistitiitiou  to  pay  for  fast  freight.  As  it  is  now,  firee  freight  ia  granted  bya 
niiiJoTity  of  the  Htoamship  cinu|ianios,  and  where  it  ia  necessary  to  pay  for  transpor- 
tation, the  boxes  must  bn  sunt  by  slow  steamora  offering  low  rates. 

Ur.  Felix  Flllgel  in  Lnlpxlg,  and  Messrs.  William  Wesley  &.  Son,  in  London,  the 
foreign  agents  of  the  luitlltution,  have  paid  the  same  careful  attention  to  its  inter- 
esta  as  in  former  yearn.  I  regret  to  note  here  the  death  of  tbe  senior  member  of  tbe 
Arm  of  William  Wmiley  &.  Son,  whiih  occurreil  on  April  17,  1891.  I  also  have  to  aola 
the  death  of  Dr.  Fotlpe  Poey  on  January  28, 1891.    Dr.  Pouy  baa  taken  obarge  of  tbe 
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n  exchaugea  in  CubaaiDcelSTS,  and  Ilia  mn,  Dr.  Frederic  Poej,  baa  kiutlly 
offered  to  contune  tlie  work. 

(i rate rul  Bcknoirleilgroeots  are  alsodueto  the  following  transportation  componirH 
»u<\  Smui  for  their  continaed  liberaJitjr  in  granting  free  freight,  or  in  otherwise 
isolating  in  the  tnuwmiSBion  of  exchange  parcels  and  boxes,  while  to  other  tinua  we 
ire  indebted  for  greatly  reduced  rates,  in  Gousideration  of  the  dieinterested  aervioea 
of  the  institution  in  thediSnsion  of  knowledge. 

U8T  Of  eatFetsa  aobnts  oiting  rRER  frriobt. 

.Ulan  Steamship  Company  (A.  Schumacher  &.  Co.,  ageuto),  Daltimore. 

d'Almeirim,  Baron,  Royal  Portngaese  consnl -general,  New  York. 

American  Booril  of  Commissioaers  for  Foreign  Missions,  Boston. 

Amerioan  Colonization  Society,  Wiwhiiigtou,  District  of  Columbia. 

Anchor  Steamship  Line  (Henderson  A.  Bro.,  agents),  New  York. 

Atlas  Steamship  Company  (Pirn,  Forwood  &,  Co.),  New  York. 

BaUey,  H.  B.,  A.  Co.,  New  York. 

Barber  A.  Co.,  New  York. 

Bixby,  Thomas  E.,  A  Co.,  Boston. 

Borland,  B.  R.,  New  York. 

Bore,  C,  coDsnl-general  for  Sweden  and  Norway,  New  York. 

Bttassi,  D.  W.,  consnl-general  for  Greece,  New  York. 

Boulton,  Bliss  &  DaUett,  New  York. 

Calderon,  Climaco,  consul-general  for  Colombia,  New  York. 

['aldo,  A.  O.,  consnl-general  for  Argentine  Bepublic,  New  York. 

CwDeron,  E.  W.,  A  Co.,  New  York. 

Baltazz),  X.,  consul-general  for  Turkey,  New  York. 

Compagnie,  O^udrale  Transatlantique  (A.  Forgot,  agent),  Now  York. 

Cunard  Royal  Hail  Steamship  Company  (Vernon  H.  Browu  A  Co.,  Sfieiits).  Ken-  York. 

Urouison,  Thomas,  New  York. 

Kspriella,  Justo  B.  da  la,  consnl-general  for  Chile,  New  York. 

Florio  Rubattino  Line — Navigazione  Qeuerale  Italiano  (Phelps  Bros,  A  Co.),  New 
York. 

Gnte,  W.  R.,  A  Co.,  New  York. 

riambnrg  American  Packet  Company  (R.  J.  Cortis,  manager).  New  York. 

lleiuel,  Bmckmann  A  Lorbacher,  Now  York. 

luman  Steamship  Company  (Hundenton  A  Itro.,  agentH),  New  York, 

Maotei,  Joai,  oonsni.general  for  Uruguay,  New  York. 

Merchant,  8.1,.,  A  Co.,  New  York, 

Uufloz  y  EsprieUa,  New  York. 

MDrray,  Ferris  A  Co.,  New  York. 

Vararro,  J.  N.,  consul-general  for  Mexico,  New  York. 

Nvthcrlands  American  Steaui  Navigation  Company  (W,  TT.  Vanden  Toorn,  agent). 
New  York. 

New  York  and  Brazil  MaQ  Steamship  Company,  New  York. 

Xew  York  nnd  Mexico  Steamship  Company,  New  York. 

North  German  Lloyd  (agents:  Oelrichs  A  Co.,  New  York;  A.  Schumacher  &  Co., 
Baltimore). 

Obarrio,  Helchor,  consul-general  for  Bolivia,  Now  York. 

FactQcMail  Steamship  Company  (H.  J.  Bullay, superintendent).  New  York. 

Putanut  Railroad  Company,  New  York. 

Pioneer  Line  (R  W.  Cameron  A  Co.),  New  York. 

Perry,  Ed.,  A  Co.,  New  York. 

Pomarea,  Mariano,  consul-general  for  Salvador,  New  York. 

Rai  Star  Line  (Peter  Wright  A  Sons,  agents,  New  York  and  PhUadolphia)._, 

Boy«l  Danisli  consnl,  New  York.  l.,j,i  ^-,  ,  y  LtOO<^ IC 
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Ro;al  Spaoish  consul,  New  York. 

Raiz,  Domingo  L.,  coneul-geaeral  for  Ecaadoi,  New  York. 

Btewnrt,  Alexander,  consal-geaeral  for  Paragnft;,  Waeliington,  District  of  Colninbii. 

Torii^Uo,  Enriqae,  conaul-geoeral  for  Quatemala,  New  York. 

VatoUle,  H.  A.,  &.  Co.,  New  York. 

While  Ctom  Line  of  Antwerp  (Funch,  Edye  Sc  Co.),  New  York. 

Wilson  Si.  Aimna,  New  York. 


Algeria:  Bureau  Fran^ais  des  Eckangea  Intern ationanx,  Paris,  Frauce. 
Austria-Hungary:  Dr.  Felii  Flttgel,  No.  1,  Robert  Schumann,  Leipzig,  Gennany. 
Brazil:  Biblioteca  Nacional,  Rio  Janeiro- 
Belgium:  CommiaaioQ  des  Echangea  Intemationanx,  Rneilu  Hos^,  No.  5,  Braxellrt. 
British  America:  McGill  College,  Montreal,  or  Geological  Survey  OEDce,  Ottawa. 
British  Colonies :  Crown  Ageuts  for  the  Colonies,  London,  England. 
British  Onianu:  The  Observatory,  Georgetown. 
Cape  Colony:  Ageab-geneTal  for  Cape  Colony,  London,  England. 
China:  Dr.  D.  W. Doberck,  government   astronomer,  Hong  Kong;   for  Shanghai: 
Zi-ka-wei  Observatory,  Shanghai. 
Cbili:  Museo  Nacional,  Santiago. 
Colombia  (U.  8.  of):  National  Library,  Bogota. 
Costa  Rica:  Biblioteca  Nacional,  San  Jos^. 
Cuba:  Dr.  Frederick  Poey,  Calle  del  Prado,  29. 
Denmark:  Koug.  Danske  Videnskabemes  Selakab,  Copenhagen. 
Dutch  Guiana:  Surinoamacbe  Koloniaale  Bibliothook,  Paramaribo. 
East  India :  Secretary  to  the  Oovemment  of  India,  Calcutta. 
Ecuador:  Observatorio  del  Colegio  Nacional,  Quito. 
Egypt:  Inetitut  Egyptien,  Cairo. 

France ;  Bureau  Fran^ais  des  Echaugoa  Intern  ationanx,  Parts. 
Germany:  Dr.  Felix  Flilgel,  No,  1,  Robert  Schumann  Strasse,  Leipzig. 
Great  Britaiu  anil  Ireland:  William  Wesley  Si.  Son,  28  Essex  Street,  Strand,  LoodDii. 
Greece:  United  National  and  University  Library,  Athens. 
Guatemala:  lostituto  Nacional  de  Guatemala,  Gnatemala. 
Gnadeloupe:  (Same  as  France.) 

Haiti:  S6cr£taire  d'etat  des  relations  extdrienres,  Port-an- Prince. 
Islaod:  Islands  Stiptisbokasiifn,  Reyl^avEk. 
Italy :  Bibliotheca  Nazioaalo  Vittorio  Emonnele,  Rome. 
Japan:  Minister  of  Foreign  Affairs,  Tokio. 
Java:  (Same  as  Holland.) 
Liberia;  Liberia  College,  Monrovia. 

Madeira:  Director-General,  Army  Medical  Department,  London,  England. 
Malta:  (Sameaa  Madeira.) 

Mauritius:  Royal  Society  of  Arts  and  Sciences,  Port  Louis. 
Mozambique:  Sociedadde  Geograffa,  Mozambique. 
Mexico:  Packages  sent  by  mail. 

Now  Caledonia:  Gordon  Si.  Gotch,  London,  England. 
Newfoundland:  Postmaster-Genera],  St.  Johns. 

New  South  Wales:  Government  Board  for  International  Exchanges. 
Netherlands:  Bureau  Scieotinqne  Central  NtierlandaiH,  Den  Helder. 
New  Zealand:  Colonial  Museum,  Wellington. 
Norway:  Kongelige  Norske  Fredctiks  Universitet,  Cbristiania. 
Paraguay:  Goveroment,  Asuncion. 
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ndlippine  Isliuidg:  Royal  EcoDomicsl  Society,  Manila. 

PolyneBia;  Department  of  Foreign  Affairs,  Honolnlu. 

Poriagal:  Biblioteca  Nacioiial,  LisbuD. 

QaMDsland:  Govenuueut  Mul«orologicul  Obaervatory,  BriHbane. 

Botmunia:  (Same  ns  Germany.) 

Bouis:  Commission  Rniwa  dea  Echanges   lutcrnutionani,  Biblioth^que  Impi^riale 

PabUque,  St,  Petersburg. 
St.  Hekna;  Director-General.  Army  Medical  Department,  London,  England. 
Su  Salvador:  Hnseo  Nacional,  San  Salvador. 
Servia:  (Same  as  Germany.) 
^oth  Australia:  General  Po«t-Offli^e,  Adelaide. 
Spun:  R.  Acftdemia de  Ciencias,  Madrid. 

Sweden :  KougUga  Svenska  Vetenskaps  Akadeiuien,  Stockholm. 
Switierland:  Eidgenossensche  Central  Bibliottiek,  Bern. 
TannHiia:  Rojal  Society  of  Tasmania,  Hobart«n. 
Turkey:  Biblioth^ne  G^ni^rale  Ottomaue,  Constantiuoplc. 
Uroguay :  Olicina  de  Depiisito,  Repurto  y  Canje  lutuTuacioDal,  Mont«videu. 
TencEaela:  University  Library,  Caiaras. 
Victoria:  Public  Library,  Museum,  and  National  Gallery,  Melbonme. 

Tbe  system  of  recording  the  correspondence  of  tbe  Bureau  adopttd  on  January  1, 
1890,  has  continued  to  give  satis Gic tie n.  A  nirtber  improvement  in  knepiug  the 
ncord  of  packages  received  has  been  effected  by  adopting  as  a  substitute  for  tbe 
blotter  and  day  book  here  toforeiu  use  nrerord  upon  separate  sheets  of  paper,  which  are 
mbwqaently  bound  Dp  as  adaybook  and  upon  nhlcb  a  record  ie  made  of  all  packages 
received.  The  packages  to  or  ftutn  each  institution  or  individual  are'  then  entered 
fromthene  iibeets  upon  the  le<lger  cards.  Tbe  aystiTtn  baa  tbu  advantages  that  several 
persnns  can  work  upon  tbe  sheet  at  the  same  lime,  and  that  no  copying  of  the  rcc- 
i>rd  is  required,  introducing  errors  and  requiring  much  time.  This  form  of  day-book 
aheet  was  adopted  on  January  1,  1891.  A  further  duplication  of  record  books  is 
iToided  by  having  tbe  authorized  officer  of  the  Smithsonian  lustitutinn,  National 
Moieam,  Bureau  of  Ethnology,  U.  S.  Geotofjlcal  Survey,  and  the  U.  8.  Fish  Commls- 
tioQ  acknowledge  the  receipt  of  packages  addressed  to  their  offices  directly  upou 
these  nheeta. 

A  Dew  edition  of  the  list  of  foreign  correspondents  of  thtt  Bureau  is  urgently  needed 
to  facilitate  current  work.  The  list  now  in  use  was  printed  in  1885,  since  which 
time  the  list  has  doubled  in  number. 
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irgentiue  Republic:  October  2,  November  6,  1890;  January  19,  April  17,   June  23, 

1891. 
Imtrift- H angary ;  Included  in  transmissions  to  Germany. 
Belginm:  .Inly  17,  September  5,  Octolier  1,  November   3,  December   5,  19,  1890  ; 

January  15,  February  18,  March  9,  May  15,  June  20,  23,  1891. 
Bolivia:  September  10, 1890;  June  22, 1891. 

Bruilr  July  U, October  16,  NovemUi-r  6, 1890;  January  19,  April  17,  June  22,  1891. 
British  Colonies:  Included  in  transmJiuiuuB  to  England. 
fhina:  November  7,  1890;  June  24, 1891. 
Cliilr:  November  6,  1890;  January  19,  June  22,  1891. 
Colombia,  United  Stetes of:  September  10,  November  6,  1890;  June  22,  I891j  -    i|^,,lr 
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iUMtt  Mfit:  MM'b  »,  Jaar.  S,  IWI. 
I'.ntm;  </nh*!K,  l«B1  tttUnr  hy  mail). 
fMnmnrli:  Anynitt  14,  NnvenlMT  3,  I>iM^n>lMT9,  IMD:  Jannaij  15.  Marrh  6,  Jam  6, 

3»,  IMt. 
(ft.l'h  OtiUna:  Jnrin  22,  IftW. 

Kiw(  It>/1)*i  Ini-liwlwl  In  trimnDmiioiu  to  EDgland. 
y^nitAiif :  MffitMiilwr  10,  im»;  Jddk  22, 1891. 
y.gft'l',  Ht^rit^nimt  lA,  IWO;  June 26, 1891. 
frnn'w:  Jnly  17,  AiiKiintM,  H«ptftmber4,  20,  October  14,31.  Koveniber  19,24,Decai- 

In-r  r>,  IO,ZT,  IWNl;  .laiinar)-  13,  Febraarj' 6. 18,  March  6,24,  April  8,21,  May  4,  21, 

Jiftiflt,  l»,2rf,^,»0,  IM)1. 
tU-tmnny :  .fiily  17,  2K,  AitKiint  2K,  Heptember  23,  October  7,  23,  Not-ember  5,  II,  %, 

•in,  IhirniitHir  r>,  111,  23,    IKOO;  .lonnurj  10,  22,  Febiaorj  3,  5,  14,   March  6,  23, 

Atirll  H,  22,  Mil)'  2,  111,  June  3,  10,  20,  23,  30.  189t. 
(Irnil  IIHliilii  itii'l  Ir«1nti<l :  .Inly  17,  2r>,  RepteiDlicr  2,  13, 24,  October  6, 13,  29.  Novcm- 

lii>rH,  17,  21,  I)e<'i<iiib«T2,  H,  19.  29,  1R90;  January  10,24.  February  10.  24,  Matct 

II,  IN,  A]<rll  2,  2.'..  Mny  (I,  'l\,  June  4,  12,  20,  24.  1891. 
Ilrcorri  A|ir1l  III,  Jntii' 2H,  INOI. 
IliliiU'itiiiliii  .liitii>2ll,  IWl. 
tliily  I  Jiity  IT,  Alik""!  !^>i  Hopt^mlier  11,  2tt,  October  31,  November  24.  l>oeemb«r!t. 

lit,  INW))  .tiiniiiny  H,  19.  FiOininry  12.  24,  April  7,  28,  June  5,  20,  23.  1891. 
JitjiHtii  Aiitfiinlill,  He|it«iiibi'r 30,  November 7, December 9, 1890;  JannoryS,  MarcbS. 

Moy  10,  Juno  21,  IWl. 
Mlii'ritii  Jiiiii'2il,  IHOl. 
Ni<w  Niiiilli  WiikH:  AiiKii"!  <i,  Ni)vembi-r8.  Docemboi  8.  1890;  Msrcli  9.  Uay8,  Jnue 

21.  IHOI, 
NHli»rlnii<li<l  .Inly  IT,  Hi<|>loiiilier  n,  November  4,   Deramber  19,   1890;  Jonnafj  II, 

1'i'l.vimry  1 1.  Min-ili  X  Mny  2li.  ,1  i.ne  20.  24.  1R91. 
Now  KkhIiiikI I   .\ii)iiii>t  <l,  ^'ptouiber  13. Ortobir  13.  November 6.  December  8,  1890; 

jHitiiHvy  N,  Miirt'li  9.  Mny  8.  June  24.  1891. 
Nli'itraiiitH!  .liiiu'W,  1N>1. 

N.il«ii>i  .liil.v  IT,  Sf-i'temlwr  11.  IWO:  March  3,  June  1,  34,  1891, 
IN'Mi!  f)<>)>1i-i)iWr  10,  N'ovnnlHT  (t.  1890:  June  23, 1891. 

1S>hlii»lH:  Ji -iX.  \*»\. 

\\\\\\\a.*\:  .\\\\f  IT.  SoptpmlwT  U.  mw;  January  13.  March  .i.  Jnne  «,  34,  1891. 
i^iKvioliDxl ;  .VoK"*)  *i.Se|>l<'m1>cr  13.  November  ».  n«<«inb«r  9.  1890;  UaKh9,Mi; 

S..lm«'S4.  l.-iiH, 
IhtiMnHxU    t»'  1»>I>^1  i«  lr*niunis»i'>ns  Ui  ticrminy. 
Hn«tn    .tt<U  ):.S,')>toinWT)^iVI..(t<>r:<l.  Xov.^bfr  11.  IWymtwr  19. 1800;  Janiui? 

S,  IVbT'l'.vj  S,  H.  'is  \i>ril  U.  SiV  M»j  3S,  Jhm-  3l>  24.  1»1. 

JS^iMh  VnMi'sin  :   KiUi!"!  "v  Novrn-.Vt  S,  1*V>:  Marvt  •».  Jna*  34.  1S"I. 

Sp».«    !*.-)ihmiKrMV.V!T;N'i  !»,  I»V;  .'«n-.-.»ri  l,"v  K.hr3ar>  36.  Jbd*  34. 1891. 

S-nisI,^    .1  lilv  1  r,  S,  iM,  %v,>wi  !v  iV  ),>Sm  AV  N."-pa:l^i  \  IS:*-:  Frbmarr  Tt.  Apnl  U, 

Sfl'i  -.■!)*«.!    .'i\",v  ;:,  >».".M."  N>J  '-X  Xi^tvnilw^*.  l>.«>itWi^  IS,  1*W:  Juaary  1% 

■;■'.  V.^■,•■v,^  ;v  M..-.vh  :.  K,>T,:  1^  .i!;-.»  :.  i'..  J's-: 
lVi"».  ;■«   !».— ..•.  N-1  is;  '.Vv.-Tf.vj  ?^:sft-,  Vsr-tfi,  T^v^t*.  i«*i- 
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were  made  oo  Ortober  11,  1890 

1,  January  8,  May  15,  1891,  to 

the  gOTemmeutfl  of  the 

follow iQg-namea  oonnliiM: 

threat  Britain. 

Prussia. 

AaBtria. 

Oreece. 

Queensland. 

Baden. 

Haiti. 

Rnssia. 

Birsris. 

Hungary. 

Saxony. 

IWltiam. 

India. 

Bonth  Anatralla. 

BueDoa  Ayres. 

Italy. 

Spain. 

Bma. 

Japan. 

Sweden. 

Canada  (Ottava). 

Ueicico.- 

Switzeriaud 

CRDadft  (Toronto). 

Netberlanda. 

Tasmania. 

Chile. 

N«w  Soutli  Wales. 

Tnrkey. 

New  Zealand. 

Denmark. 

Norway. 

Victoria. 

l-wnce. 

Pern. 

Wnrbemberg. 

Gemany. 

Portugal.               , 

Thpdlstribiitiou  to  foreign c< 

)untrie«  was  made  in  962  ca«ef 

mimionB,  aa  follows  i 

Anslriat 

H     Liberia 

Badi-ut 

3     Mexico} 

Belgiiun 

15     Netberlands 

13 

British  Coloniest 

i  Peru 

fi 

CanadaJ 

6  ;  Polynesia 

1 

China 

2     Portugal 

9 

ChUo 

6  1  PniMiat 

It 

Colombia  (United  Stntoa  of)  . . 

10 

Costa  Eica 

Cuba* 

1  1  Rnsaia 

18 

Denmark 

10  1  Saxony  t 

3 

Eiat  Indies 

3  1  San  Salvador.... 

Ecnador 

ERpt 

FnacB 

28     Sweden 

11 

Geraiany 

32     Switzerland 

15 

Great  Britain 

32  ,  Taamania 

7 

Greece 

6  1  Turkey 

5 

Guatemala 

1     Uruguay 

2 

Haiti 

3  !  Venezuela 

B 

HnnBwyl 

3    Victoria 

10 

Very  respectfully,  your  obedient  servant, 
Mr.  S.  P.  LA.\iiLKV, 

Srcretarif  Smillitontan  JntliluHoii. 

'Transmissions  to  Mciico  have  boeu  snspi'ndtKl  temporarily. 
1  Miscellaneous  diehanges  inuludod  in  transinissions  to  German. 
t  Uiscellaneous  exchanges  inclnded  in  tr»nsmisatooa  to  Great  Britain 
t  In  addiiion  to  a  large  number  sent  by  mail. 
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10  fuUowiug  report  of  the  operatiuos  of  tb« 
year  CDding  June  30,  1891. 
for  the  ynrk  Wns  nut  yet  all  acqatred.  Stept 
litiou  as  mnch  us  poasjble,  yet  it  was  not  oatil 
filially  obtained  of  the  entiro  tract- 
made  t«  repair  the  (ild  Holt  maDsion,  aitiiat«d 
K^h  a  miinner  as  to  fit  it  fur  oc.cupntioD  w  an 
was  round  to  require  mach  more  extensive  tt- 
imf(,  low  structure,  built  rather  for  coolnrw 
OSes  of  business  activity;  aud  the  walls,  >I- 
n\  and  crumbling,  and  the  foandations  to  be 
could  be  done  several  of  the  walla  had  tn  b« 
This  consumed  the  {rrt^atcr  part  of  tlie  appro- 
lisli  two  rooms  to  be  occupied  as  an  office,  i 
the  house  for  the  accommodation  of  the  bonei 

1  imperatively  necessary,  a  design  for  a  fenea 
:his  was  erected  as  fast  as  the  land  was  finally 
of  xtout,  unpainted,  oali  palings,  intended  not 
'  the  public  as  to  keep  out  dogs  and  animila 

roads  and  selecting  sites  for  buildingn,  Mr.  D. 
curate  topographical  survey  of  the  park.  Th« 
ey  was  used  ^s  a  basis  for  this,  the  contoan 
Bst  levels  reached  by  the  water  in  Rock  Crcfk 
«  ascertain  them. 

;ht  best  to  lay  out  fur  the  present  but  a  single 
in  a  continuation  of  the  so-called  Quarry  road, 
rhis  main  road  within  the  park  was  staked  onl 
jfiilty  graded  and  macadamised  for  a  distanre 
Beyond  this  a  road,  formerly  a  cart  track, 
boundary,  and  has  been  somewhat  improved 
:ial  ai^coss  for  carriages  in  this  direction. 
I  remembered  is  really  a  quick-ru  an ingetream), 
iat  where  the  road  crosses,  but  this  ford  is  iai- 
ilinary  prccuations  had  to  be  taken  to  secure  ■ 
larrowncss  of  the  stream  and  the  precipitoni 
ii'b  it  drains  making  it  necessary  to  provide 
'  lilt "  of  considerable  extent  was  required  on 
iHrin  that  greatly  increased  the  expense  and 

It  u  bridge  suitable  for  foot  passengers  and 
<TU  were  submitted,  osaminud  aud  rtjocted, 
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iininlj  be«aii«e  of  the  great  cost  which  their  oiecntioo  nould  entail.  A  plan  pro- 
ftmi  by  Mr.  D.  J.  Howell  was  Hnally  eolected  as  being  effective  for  the  pnrpow 
requireil  at  a  minimam  of  tiKpeoee.  It  is  a  oombiaed  iron  and  woodea  structure,  138 
feet  in  leugth,  resting  upon  two  granite  piors  and  two  abutments.  The  plans  were 
cMpfiU];  examined,  and  criticised  by  skilled  experts,  and  were  belleTed  by  oompe- 
imt  engineers  to  be  sufficient  to  withstand  any  flooil  likely  to  oocar.  At  the  close 
of  the  fisoal  year  the  piers  and  abatments  hod  been  completed,  but  the  saperstruc- 
Cuce  was  not  yet  in  place. 

The  quarry  near  the  entrance  to  the  park  seemed  admirably  fltted  for  the  oonstmc- 
CioD  of  dens  and  yards  for  bears.  In  order  lo  ascertain  its  condition,  it  was  cleared 
of  D  great  quantity  of  loose  earth  and  rock  which  hod  fallen  from  the  cliD'a  above. 
The  quarry  face  was  fonnd  to  be  inmost  placessufficiently  steep  topieTcnt  the  bears 
fnm  climbing  it,  and  where  this  was  not  the  cose  the  necessary  steepness  was  ob- 
tained by  blasting.  To  afford  shelter  for  the  bears  spacious  dens  in  which  shelves 
irrre  fashioned  were  hoUowoil  out  from  the  face  of  the  rock,  and  in  front  of  these 
tbere  was  bnilt  a  strong  iron  fence  10  feet  tn  height  inclosing  yards  of  considerable 
uUnt.  The  upper  ends  of  the  vertical  bars  of  the  fence  were  point«d  and  turned 
inward  to  prevent  the  escape  of  the  beats,  the  floor  of  the  yards  waa  smoothly 
cNnented,  and  a  large  basin .snpp lied  with  running  wat«r,  built  in  each.  Work  npon 
ttuve  yards  has  been  ftvqnently  interruptud  by  the  falling  from  the  slopes  of  largo 
quantities  of  earth  and  rock.  To  obviate  this  Mr.  Olmsted,  the  landscape  gardener, 
luM  advised  that  a  retaining  wall  be  built  at  the  top  of  the  cliffs.  But,  as  else- 
wbere  stated,  the  park  boundary  runs  at  the  upper  edge  of  these  cliffs  and  only  a 
psrtiol  control  of  the  difficulties  can  be  obtained  nnless  the  park  property  is  ex- 
tended here  some  yards  further  bock.  The  system  of  yards  as  projected  includes 
Ibtee  principal  inclosures  and  a  smaller  one  to  be  used  as  a  shifting  pen.  Atan early 
day  this  system  will  have  to  be  enlarged,  as  the  park  has  now  four  species  of  bears 
ud  one  aubspeciee. 

The  brow  of  the  first  hill  overlooking  the  bridge  was  selected  as  a  site  for  a  house 
for  animals  requiring  heat.  The  design  for  this  house,  furnished  by  Hr.  Emerson, 
■M  somewhat  modlBed  to  snit  the  exigencies  of  tbeappropriatiou  available,  it  being 
foond  impracticable  to  erect  more  than  a  portion  of  the  structure.  The  house  is  of 
luwe,  a  handsome  gneiss,  quarried  upon  Urood  Branch  some  2|  miles  ttom  the  park. 
Its  plan  shows  a  long  corridor  upon  one  aide  of  which  are  arranged  the  cages  for 
Urge  animals.  Exterior  yards  and  an  extension  for  the  accommodation  of  smaller 
snimali  will  be  added  if  funds  are  appropriated  for  that  purpose.  At  present  the 
boDH  is  much  overcrowded  and  the  animals  ore  not  suitably  accommodated. 

Accommodations  for  the  small  herd  of  bison  were  early  considered.  It  seemed 
dnirable  to  place  these  auimals  where  they  could  have  considerable  range.  Whou 
erafined  even  in  large  yards  they  cut  up  the  ground  so  much  that  they  soon  destroy 
every  vestige  of  grass  or  other  green  thing.  Still,  if  the  inclosures  ore  too  large  the 
rainisls  keep  so  far  away  as  not  to  be  seen  at  all  by  the  public.  A  site  was  selected 
in  a  protocted  locality  on  a  hillside  where  small  paddocks  could  be  made  along  the 
■nainroBilantUarger  yards  for  grazing  grounds  could  be  carried  from  these  down  into 
therichl>ottomIandalongRockCreek,whereabnndanceofgras8  is  naturally  produced, 
line  there  was  iMnstmcted  a  bam  for  the  buffalo,  which  in  a  novel  and  picturesque 
alrnctnre  of  block-oak  logs  admirably  harmonizing  with  the  location.  The  appro- 
priation was  so  limited  that  it  was  fonnd  necessary  to  place  the  elk  also  in  this  barn, 
and  paddocks  for  them  were  accordingly  bnilt  adjoining  it.  Inexpensive  hut  strong 
frnres  for  these  paddocks  wore  mode  of  iron  rods  running  horizontally  through 
rough  cedar  posts  and  coapled  together  at  the  ends.  Some  difficulty  has  been  found 
with  the  elk  fence  which  bos  not  stood  the  continuous  battering  given  it  by  the 
males  during  the  rutting  season  as  well  as  was  expected.  The  original  plan  of  ex- 
tending the  paddocks  to  the  bottom  land  of  the  creek  will  shortly  lie  curried  ont. 

Paddocks  for  the  deer  and  antelope  h.ii-e  Iwen  ronKtructed  on  the  left  bonk  of  the 
B.  Mia.  3U,  pt.  1 i 
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creek  along  the  ea«t«rD  boundary  of  the  patk.  Tbin  aituation  is  wlmirslil;  adtpw 
by  nature  for  tbe  aDtraalH,  but  baa  the  disadvaDtoge  of  exposing  them  to  the  eigliE 
of  (loga  both  ou  tbe  outside  of  (he  park  and  witliin  it.  Three  animals  have  Ihwh  m 
frightened  oe  to  loae  their  lives  from  this  cause,  and  it  will  be  necessary  to  make  tlw 
fence  so  tight  as  to  entirely  prevent  tbe  sight  of  dogs  and  probably  it  wil!  beadviw- 
ble  to  exclude  tliein  from  this  part  of  the  park  altogether. 

The  unexpected  gift  of  an  Asiatic  elephant  by  Mr.  Jnuee  £.  Cooper  made  it  oacn- 
aary  to  hastily  prepare  a  barn.  This  is  a  temporary  strucdire,  but  will  be  so  fitud 
as  to  serve  for  sbelter  during  the  winter.  It  wae  prepared  for  but  one  animal,  liut 
by  Ht.  Cooper's  generosity  a  second  elephant  was  lent  to  the  pork,  and  the  two 
have  been  made  comfortable  within  it.  The  situation  of  this  bam  is  not  wholly  Mt- 
isfact4>ry.  At  tbe  time  it  was  bnilt  it  wae  thought  desirable  to  place  it  at  aconsiden- 
ble  distance  from  tbe  boundaries  of  the  park  in  view  of  the  possibility  of  the  sai- 
mala  becoming  unmanageable.  These  appreheusiona  were  fortunately  not  wnll- 
founded,  and  it  would  lie  much  more  convenient  to  have  the  elephants  nearer  the 
stream  so  that  they  could  frequently  have  immediate  access  to  the  water.  If  fundi 
for  the  erection  of  a  permanent  elephant  bouse  should  become  available  this  matlet 
will  no  doubt  be  considered.  The  expense  of  the  maintenance  of  the  elephants  is  v«ry 
great,  and  it  should  be  remembered  that  tbe  estimate  for  the  last  year's  expendilnr« 
was  mode  without  the  knowledge  that  it  would  bo  necessary  to  meet  no  hesTy  an 
item  AS  the  cost  of  erecting  a  special  building  and  providing  keepers  and  provisioni 
for  these  two  animals. 

As  a  colony  of  prairie  dogs  had  been  for  some  time  a  feature  of  the  collection,  it 
became  necessary  to  provide  suitable  accommodations  for  them.  Although  a  broad 
open  meadow  would  beat  resemble  their  natural  habitat  it  was  thought  best  ts 
place  them  in  a  little  thicket  of  trees  to  tbe  west  of  the  main  drive.  Horetbere  wu 
built  an  inclosing  wall  3^  feet  high,  and  ftom  the  footing  of  this,  galvanized  iron 
mesh-work  was  placed  in  a  trench  8  feat  deep.  This  has  been  found  sufficient  te 
completely  confine  them.  It  is  l>elieved  that  this  iron  net  will  not  corrode  wbni 
buried  so  deeply  in  the  ground.  If  this  proves  snccesafUl  for  a  series  of  yeais  it 
wUl  be  a  great  advantage,  as  it  has  usually  been  thought  in  Zoologieal  Garden* 
necessary  to  excavate  completely  the  inclosures  for  burrowing  animals  and  to  ce- 
ment the  bottom.  This  is  very  expensive,  and  the  result  is  that  but  few  colonies  of 
burrowing  auimals  ore  seen.  It  is  hoped  to  add  several  colonies  of  this  nature,  in- 
cluding some  of  the  most  characteristic  American  rodents. 

A  list  of  the  accessions  to  tbe  park  during  the  year  is  given  herewith.  (Exhibit 
A.)  Many  of  them  could  not  be  accommodated  in  the  houses  already  erected  and 
hnve  been  assigned  to  quarters  more  or  less  t«mporary  or  to  small  cages  scattered 
along  the  main  road.  Many  more  animals  could  have  been  procured  had  it  bwn 
possible  to  snitably  accommodate  them.  The  most  important  accession  is  the  Asiatic 
elephant  "  Uunk,"  which  waa  presented  to  the  park  on  April  90,  1891,  by  Mr, 
James  E.  Cooper,  the  proprietor  of  the  Adam  Forepaugh  shows.  The  elephant  i« 
a  fine  auimni,  about  25  years  of  age,  very  docile  and  tractable,  and  n  very  valnabtf 
addition  to  the  collection.  Mr.- Cooper  not  only  gave  this  elephant,  but  in  ord«r 
to  insure  success  in  keeping  him  loaned  anotljer,  ^'  (lolddust, "  to  serves  a  a  com- 
pauion,  Jt  being  well  known  that  solitary  elephants  ttuffer  greatly  from  luuelincsi- 

When  com  miss  ioiiers  were  sent  to  South  America  t^J  collect  Qa^rial  forthe  Wurld'» 
Columbinu  Exposition  of  1893  it  woe  thoughtfully  suggwted  by  Mr.  W.  E.  Cartif, 
chief  of  the  Latin- American  Bureau  of  th»  State  Dcpartnieuit,  that  they  might  iM 
tiso  willing  to  collect  animals  for  the  park.  Authority  was  therefore  given  them  U 
incur  expenditures  not  to  exceed  $300  for  each  person,  and  several  accessiQus  fai^'c 
been  made  by  this  means.  The  experiment  has  not.  however,  proved  as  satisAclorf 
as  could  be  wished,  as  the  animals  sent  are  usually  badly  cared  for  on  shipboard. 

Several  animals  have  been  born  in  the  park  during  the  year,  the  most  uotewortliy 
being  a  young  female  bison.  It  is  believed  that  these  animals  will  breed  freely  >■■ 
conflnenyent  and  that  by  this  means  thcspecies  may  be  kept  indefinitely  perpetaaMf; 
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The  mortalit;  daring  the  feat  has  been  considerable.  A  great  [iroportion  of  the 
animalB  that  have  died  have  aiiconiiil>ed  immediately  after  arrival,  either  being  in 
bad  condition  from  ii^oty  or  otherwise,  when  shipped,  or  being  too  delicate  to  stand 
bsn«portation.  Those  who  send  specimens  to  the  park  should  always  take  care  to 
keeptheanimalaiucDDfinenientfot  some  time  hefom  shipping  and  should  ask  fot 
dinctiona  as  to  the  proper  method  of  boxing.  Many  animals  are  killed  by  being 
KDt  in  an  improper  manner  and  by  being  either  starved  or  provided  with  improper 
food.  The  animals  received  IVom  South  America  have  been  very  frequently  mori- 
bund when  received.  This  is  partly  dueto  theonstoms  regulations  at  New  York  City, 
vbieh  canse  considerable  delay  in  the  reshipment  of  animals  to  this  city. 

The  beautiful  specimen  of  the  Uig  horn  sheep  (Ovit  tnimiaiut)  succumbed  to  an  at- 
tick  of  apoplexy,  while  the  animals  were  still  confined  in  the  contracted  yards  in 
tbe  rear  of  the  Smithsonian  Institution.  A  post-mortem  examination  showed  the 
inimal  to  be  in  an  excellent  physical  condition,  and  it  is  believed  that  lack  of 
exercise  watt  tbe  principal  canse  of  the  disorder  that  terminat«d  its  existence.  As 
&rBH  can  be  judged  from  this  case  there  appears  to  be  no  reason  whatever  why  this 
thtep,  BO  rare  in  zoological  cuUectioiis,  shonld  not  thrive  in  captivity  if  a  suitable 
Tsage  of  rocks  and  cliffit  such  a«  is  found  in  the  National  Zoological  Park  is  given 
loit. 

He  close  of  the  year  Bnds  the  work  of  the  park  progressing  steadily  and  as  rap- 
idly as  the  fonds  appropriated  by  Congress  will  admit.  The  interest  of  tbe  public 
is  found  to  be  very  great,  much  more  in  fact  than  had  been  anticipated.  There  can 
b«  no  doubt  tliat  in  the  coarse  of  a  few  years  the  park  will  become  one  of  the  chief 
•ttnctions  of  a  city  already  famous  for  its  sights,  offering  as  it  does  a  combination 
entirely  unique,  exquisitely  beantiful  natural  scenery  with  the  charming  aspects  of 
varied  animal  life. 

It  has  already  been  noticed  that  the  one  roadway  is  too  narrow  for  the  accommoda- 
ion  of  tbe  large  nnmber  of  carriages  that  frequent  the  park  on  Sundays,  tbe  throngs 
between  the  hours  of  3  and  S  p.  m.  being  so  great  as  to  endanger  visitors,  and  it  it 
Mnicstly  desired  t«  extend  the  system  of  roads  in  accordance  nith  a  plan  already 
laid  ont.  The  bridge,  from  necessary  economy,  was  restricted  to  a  width  Just  aufl!- 
dent  to  allow  carriages  to  pass,  no  footway  being  provided.  Iti  view  of  the  throng 
already  referred  to,  this  offers  another  source  of  danger,  and  it  is  contemplated  build- 
ing fbotways  on  projecting  brackets  along  either  side  of  the  bridge  should  funds  lie 
appropriated  for  the  purpose.  Either  this  or  a  bridge  for  foot  paasengeis  ali>iii>  will 
be  absolutely  essential. 


,i,i.aL,  Google 
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Auftlj-st. 

Aiicr«  de  Saint-Diiicr. 

AiutftleA  AKToaomlquea. 

Aunalea   (U   l'£cole  drs   ScienvM    Poli- 

Annales    de    la    Soci^M    AgTUDomiqiir. 

Annales  de  I'ObserTBtoire  de  yii»i. 
Annalea  dii  Conserratoire  de  I'Art,  Pariti. 
Aim^ea  de  la  PropagBtion  de  la  Foi. 
Aunalea  dea  iScieai-eit  Gfologiquefl. 
A""»l'  del  Reale  Istitnto Tecnico,  Uiline. 
Annals  of  tho  Amtrioan  Academy  of  i'o- 

litical  anil  Social  Science. 
Ann^  ScicDtiliqne  et  ladostrielle. 
Anauaire  de  r&roaoinie  Politique. 
Annnaiie  de  1a  Soci^t^  d'£malation  tie  la 

Vendfe. 
AuniuirB  de  I'AMOciation  poor  I'Encou- 

ragement  dea  Etudes  GrecqQe«. 
Anoaaire  Statistiqae  de  la  Boh^me. 
Auonario  della  B.  UmTetsitA,  Torino.        j 
Annnario  della  UniTereitii  di  Modena. 
Anniuil,  GeologisU'  Aseoriation,  l^ondon. 
Annual  Report  of  the  Forestry  Division,  ' 

Department  of  Afrricultore. 
AsDiial  Report  of  the  MancheMter  Steam 

Umr'  Aacociation. 
Autiqnarj. 
Anzei^er  fOr   Berg-.   Hii1teQ<    nnd   Ha- 

■chinen  wesen . 
Aibeiten  ana    dem  Zoolofrisrh-Zootomi- 

acben  Institnt,  Graz. 
Arcbnologica  Scotica.  j 

Aicfaitectnre,  L',  et  la  Constmrtioo  ilaos 

le  Nord,  LUle.  I 

Arcbiv  fUr  Chriatliche  Konst. 
ArcbiT  fUr  Uathematik. 
AiehiveaBotaniquesdu^forddelaFranec. 
ArcluTM  do  PhTsiologie  Sonnale  et  Pa- 

thologiane. 
Archivio  de  la  Society  Romana  di  Storia 

Pfttna. 
Archivio  di  Litteratnra  Biblia  ed  Orieu- 

tale. 
Army  and  Kavy  Gazette. 
Art  (L')  dans  lea  Deux  Mondea.  i 

Arte»ano,  El. 

Atti  deU*  Accademia  Pontaniana. 
Atti  del  Hnaeo  Civico  di  Storia  Natnrale 

di  Trie8t«.  i 

Atti  della  Society   Italiana  di    Science 

Katnnkli. 
Atti    e  Memorie   della   Depataziune   di 

Storia  Pattiti,  Bologna. 
AufzeichnnUEen  des    Architerten-    und  . 

In^enieni-Vereios  fiir  Niederrbeiu  und 

Westpbaleu. 
Adb  Allen  Weltttieilen. 
AnBtrftlian  Ironmonger. 
Beittage  znr  Enude  Ehst-,  Lii--,  and  Knr- 

Bergmannafreimd. 

Bencbte  dee  Markischen  Fontrerein?. 
Bericbta   der    Scbweizerischen    Botani- 
sdien  GesellBchaft. 


Bibliotb^ne  des  Tnvani  Historiqaeest 


Bofei 

Boletin  del  Inatitnto  Libre  de  EnaeOuiia, 

Madrid. 
Boletin    del  Obaervatoiio    Aattondmico 

Nacion»l  de  Tocaban. 
Bollettino  del  MuBeo  Patrio  di  Arcbealo- 

Kia,  Hilano. 
Bollettino  della  R.  Accademia  Ucdica  di 

Bollettino  della  Society  di  Katnralisti  ili 

Napoli. 
Bollettino  Statistico  Mcnaile,  Mnnieipia 

dlMilano. 
Bollettino  Officiale    del     Miniatero  del 

Tesoro,  Roma. 
Boston  Bodget. 
Hotaniate,  Le. 
Bnwsey'B  Naval  Annual. 
Brick  Roadways. 
Buffalo  Cbriatian  Advocate. 
Builder,  London. 
Building  GeKister. 
Bolletin  of  the  Agricultnral  Experiment 

Station,  Auburn,  Ala- 
Bulletin  of  the  American  Cheinical  Sori' 

ety. 
Bulletin  Annuel  des  Finances  des  GiandM 

ViUea. 
Bulletin  de  I'.^asociation  des  Ine^nieun, 

Liige. 
Bulletin  du   Comit^   de  I'Afiriqne  Fian- 

Bulletin  de  la  Commission  Archtelogiqiu 
et  Litt^rairede  I'Arrondiaaement,  N■^ 
bonne. 

BnlletindelaCotnmiMiouD^partenMotale 
drs  Monuments  Historiquee,  Amc 

Bulletin  of  the  Department  of  Agricnl- 
tiite  (of  (jue«u8land). 

Bulletiu  of  the  North  Carolina  Experi- 
ment Station. 

BnUetin  of  the  Ontario  Agricoltnnil  Ex- 
periment Station. 

Bulletiu  de  la  Soci^t^  Acad^miqae  Inds- 
Chinoise. 

Bnlletin  de  la  Sori£t£  Arch^li^iqi>«  de 
Touraine. 

Bolletin  de  la  Soci«t«  Centrale  d'Agri- 
culture,  Paris. 

Bnllflin  de  la  Soci^t^  D^partemeolal* 
d' Horticulture  de  la  Seine. 

Bulletin  de  la  Soci«t4  d'fimnlation  d'Ab- 
beville. 

Bulletin  de  la  SociSti  d'Enconragemettl 
pour  i'lndustrie  Nationale,  Paris. 

Bulletin  de  la  S<>ci*t^  dee  Etudes  Mari- 
tiuies  et  Coloniales. 

Bulletin  de  la  Soci«t«  d'^tudee  des  Sci- 
enres  Katurelles,  Reims. 

Bulletin  de  la  Soci^t^  de  G^ognphiede 
Lille. 

Bnlletin  de  la  Society  de  O^ograpMc  da 
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Bnlietin  lie  U  Boel^M  HiBtoriqua  ct  Ar-  I 

rb^logiqne  de  TOmo. 
BoUetioD  (le  la  Soci^W  de  I'Industrie  Mi-  I 

njtale,  Samt--Etienne. 
BoDetin  de  1b  Soci^M  iJmgnedooieDiie  ilo  | 

Gtegrftphie.  i 

BBllefia    Mensnel    de    la    BibUothi^np 

NttioD&le,  Parig. 
Billetin  Mensnel  de  laBoci^t^  LiDn^ennf 

de  NorniBDdie. 
Bdlelin  de   U   SoetiU  Uatlt^matique, 

Pirii. 
Ballettn  de  la  Soei^tiS  NeDchftteloise  de 

O^ocTsphie. 
Bnlletm  de  la  8oci«M   Royale  de   Bota- 

niqne,  Bnuellea. 
BnUetiu  de  la  Socl^M   de  Topogtaphie. 

Pari*. 
Bnlletiu  of  the  South  Dakota  Agrioultuial 

Eiperimeot  Station. 
Bulletin  of  tbe  State  College,  Penusylva- 

Batlstion  of  the  United  States  Board  on 

Oeognphio  Namea. 
Bnlletin  of  Recent  Changes  in  Alda  to 

Navigation,  U.  S.  Lieht-Houae  Koanl. 
Bnlletin  Mensnel  de  la  Conuuiasion  M4t^- 

Drologiqne  da  Calvadoa. 
Bnlietin  M6t6orologique — Central  Phya- 

jcal  Observatory,  St.  Feterebarg. 
Bnllrtin  Scientifique  de  la  France  et  de  la 

Belgiqne. 
BiillKltino  della  Society  di  Science  Natu- 

Tsli  ed  Economicbe,  Palermo. 
Cunnarthenshire  Notes  and  (Queries. 
Canadian  Horticulturist. 
Cssopis  pTo  pfetOTdni    inatbematiky    a 

ftiiky,  Prag. 
Coisag  Bnlletin  [EleventU  Censas]. 
Chrmiker-Kalender. 
Chemisch-techaiscber  Anzeiger. 
Cbemist  and  Droggist  of  Anslralasia. 
China,  Glsu  and  Lamps. 
Cbincae  Recorder. 
Chinese  Scientific  MagaEine. 
Christian  Union. 
Chronicle  of  the  London  Missionary  So- 

eiety. 
CbnrctiDuii. 
Cbarch  News'. 
Chorch  Review. 
Ciel  et  Terre. 

Cobden  CInb  Poblioations. 
Colliery  Guardian. 
Colliery  Engineer. 
Colman's  Rural  World. 
Colorado  College  Stndies. 
CommaDications  et  Proete-Veibanx  de  la 

SotniU  Uath^matiqae  de  Khurkow. 
Comptes  Rendna  Heosaels  de  In  .Soci^lo 

de  I'Indnstrie  min^rale. 
Comptea  Bendos  des  S&inces  de  la  iUmfit6 

Aiehtelogique  de  Bordeaux, 
CongTentionalist. 
Coneo  de  Sotavento. 
Costa  Eieannstrada. 
Crop  Bnifetiu,  Ithaco,  N.  Y. 
Cnllnra,  La. 
Cniio  [nfonnant 
"Cyclist. 


Dania. 

Delphian  Record. 

Deatsche  BanseitiiDg. 

Deuteehs  Chemlkeraeitung. 

Deutsche  Oerbeizeitnng. 

Deutsche  Heeresseitnng. 

Deateche  Zeitung  fUr  die  Frauzi'Mtlsche 

JxteeuA. 
Dingier's  Polytecbnlsches  Journal. 
Dnevuik  Autropologitsheskugo  Ot^ola 

ImperatnrslcAgo     Obshteliestva   Lobl- 

telei   EHtuHtvotnauija,   Antropologli   1 

BtuoerHHi. 
DueviiiK  Zoologitsheakago  OtdJeit'DiJo— 

Ecole,  L'. 

Educateur,  L'. 

£ducatioa,  L'. 

Educational  Journal, 

Edncational  Record. 

Educatiuual  Times. 

Electrioien,  L'. 

Electrotechniker. 

EUettrieitii,  L'. 

Engineering. 

Engineering  Magazine. 

Engineering  and  Mining  Journal,   Kow 

York. 
ButomologiBte  Gi<n^rois, 
Export. 

Fancier  and  Farm  Herald. 
Far  and  Near. 
Farben-Industrie. 
Farm,  Field,  and  Stockman. 
Farm  and  Dupleineut  News. 
Farm  News. 

Financial  Reform. 

Fiab-trades  Gazette. 

Forstwirtbsdiaftliches  Central  blatt. 

Fotograf. 

France  A^rienne. 

Fur  Trade  Review. 

Gaceta  Midica  Catalana. 

GalaI<!o,  Le. 

Gas  World. 

Gazette  de  Portugal. 

Genealogist. 

(leografiska  Foreningeus  Tidskrift.  Hel- 
singfors. 

G^ographie,  La. 

GeoerapbiBches  Johrbuch. 

Geologiska  Foreningens   Furbanillingar, 
Stockholm. 
'  Giornale  c<l  Atti  ilellnSocintft  ili  Accliraa- 
I      tazione,  Palermo. 
I  Giomalo    della    Societfi   Asiattca    Itali- 

Gloucestershire  Notes  and  QncrloH. 
Goldtbwoites'  Geographical  Magazine, 
'  Gomyi  Zbnmal. 
Great  t^alt  Laker. 
Gnido  del  Maestro  Elementare  Itallano. 

I  Hilt  ReTiew, 
I  Honduras  Mining  Jonmnl. 
Hook  and  Line. 
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Volkskande. 

Vor  Ungdom. 

Watchmaker,  Jeweller,  aoil  Sllveraraith. 

Weather  Croji  Bulletin,  Iowa. 

WsBterii  Autiquary. 

Wheelman's  Gazette. 

Wiacouein  Journal  of  Eilnciitiou. 

WJBConaia  Natural  iut. 

Witteran^beobacbtnneeD — K.    Forst- 

Akademie,  Eberswalde. 
Wood  and  Iron. 
Wyominjjt  State  Journal. 
Zapiski  po  Gidiografi. 
Zee,  De. 
Zeitschrift  des  Bajerishen    Knnat-  nnd 

Gewerbe-Vereina. 
Zeitachrilt    dea    Harz-Vereinfl    f^ii  Ge- 

schichte  nnd  AlterthnmskuDde. 
Zeitschrift  do8  Milnchener  Alterthnmt 

Zeitachrift  des  Vereins  nir  Volkalcvndt, 

Berlin. 
Zeitschrift  fllr  Banwesen. 
Zeitachrifl  fllr  Electrotechnik. 
Zeitacbritt  ftir  Korat-  nnd  Jagdn* '^«eu. 
Zeitachrift  fllr  Poratwesen. 
Zejtacbrift  fUr  Inatrumenteukt-v  vad«. 
Zeitachrift    fllr   Oeaterreicliisi;  ^le   Oym- 

ZeiUchrift  flJr  Spiritua-Indua^^rie. 
ZeitHChrifl  flir  VermesaungsW'^^eseu, 
Zeitechcift  fllr  Xylographen ... 


Trauaiictiona    of   the    Astronomical  and 

Phyaical  Society  of  Toronto. 
Tranaactiona  nf  the  Maine  State  Pomo- 

logioal  Society. 
Tninaaotiona  ot  the  Mining  Institute  of 

Scotland. 
'I'ransHi'tionBof  the  Perthahire  Socii-tyof 

Niituiul  Science. 
Treasury. 

Utahenyia    Zapiskii — Imperial     Univer- 
sity, Kaxan. 
Uhland'e  TechniBclie  Rnndachau. 
t.'nitod  Service. 
Ij'iiaere  Zeit. 

Verbatim  Report— American  Str«et  Rail- 
way Association. 
Verdondi. 
Verhandlnngen  dea   Dentschen  Wiaaen- 

Hcbaftliehen  Vereina  in  Santiago. 
VeruSentlichungen      der      Groaaherzog- 

lichen  Ste  raw  arte  in  Knilsruhe. 
Vereamialungeu    dea    Architekten-    und 

Ingunienrvereinti  fllr  Niederrbein  und 

WcJttnhalen. 
Viert«ljahre«8chrifttlberdie  Fortachritte 

«uf  ilent  Gebieto  der  Chemie  der  Nuh- 

runge-  und  GenusamitW. 
ViertelJ  lib  reascb  riftfUrVolkawirthacliaft, 

Politik  und  KiilturKcschicbte. 
Vital  Ueconi  of  Rlioile  Island. 
Vjestnik  Obsh  tab  fist  veuucy  Gigieny,  Su- 

debnoj  i  Praktitshoakoj  Meditsiny. 
VJestnik    Sadovodstva,   Plodovod«tva   i 

Ogorod  n  itaheat  va. 

Tbt'  following  nnivenitiea  have  sent  complete  seta  of  all  their  ^czK^QUuti  nu^y«*- 
tious,  including  the  inangural  disaertatiouadpliveredbrthe  Htiidenta  ^(jt^  ttradftation-      I 
Buael,  Bern,  Bonn,  Brealau,  Dorpat,  Erlangen,  Freiburg- in -Breisgav:-.^  Gieaaen   C'i      I 
tingen.  Greifswold,  Halle-on-der-Saale,  Heidelberg,  Helaingfors,  •'^X:^,.   K*  l   i.-'-  ' 
berg,   Leipzig,   Louvoin,    Lund  <two    sendinga),    Roatock,  Stra,^^  '     .     ^ 

Utrecht,  Vesteria,  Wiirzbuig,  and  Zurich.  *'    '"""'«*"' 

Among  other  important  iLcceaaioas  the  following   are  worthy  ^^ -■  „   ,■ 
•erics  of  Italiain  Government  publications  from  the  Italian  eicbuw        ,  ei, 

leff'aTopographiciil  and  Ilidtorical  Elescription  of  Boston,  and  tb^    "Uem     '   l'  r  i  i. 
Boyle  O'Reilly,"  from  the  Hon.  Harlan  P.  Paige,  Boaton;  Gore's.    "Electroinic  SfDa- 
ratiouof  Metals,''  ftrom  the  author;  from  the  Britiah  Muaeom,  "Vol,  l  of  the"Cata- 
lugue  of  the  Cnneiform  Tablets  in  the  Kouyunjik  Collection,"  "  The  Book  of  the  Dead, 
Facaimileof  the  Papyrus  of  Ani,"  Vol.  9  of  the  "Catalogue  of  Oriental  Coins."  mJ 
"  Catalogue  of  Greek  Coiua,  Poutua,  PapbUgonio,"  etc. ;  fixioi  the  Natural  Hislotj 
Division  of  tbe  same  museum,  "Catalogue  of  Birds,"  Vola.  13,  15,  and  18   "Catalo-me 
of  Fossil  Cephalipods,"  part  2,  "  Catalogue  of  Foawl  Fishes,"  part  2,  and  "CatalnBiw 
of  Fossil  Rcptiliaoud  Amphibia,"  part'4;  Vol.  10ofSicholai=Q\iKatgph,„„„'g  '.jy,^      1 
rialiencurMineralogie  Ruaalands,"  from  tbe  author;  aacto- '^^VW^VjAo^uWiwaVvmas      l 
fttun  the  State  Library  at  Colnmbits ;  the  concluding  voU-^>--™'>s  of  l,n\)<>botK'>  "Sre-    \ 
riges  och  Norges  Fiskar."  from  tbe   antbori  four  large  ".'^itto  Nolu;n™  froni  tbe      f 

Soviotjt  Rontaua  di  Stotia  PatrJa,  "  II  Regeeto    Sublaceo,'^^''^  ^>:\V\>W«ft\mii  ^iKoIo,' 
and  "11  R>'gr«tudi  Farfa;"  Plana's  "Tbforieda  Mnn»v—  -^^nAABla  Lnnt,"  ^^'bX'AA 

;offlcbipDWi- 
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'    ''^^^fcbn^"*?'*''' '"^   *■''"  ■>•*•»<"";  municipal   reporto  from  the  Sladt-Bibliothok, 

i    '**^  »^^'*'"*^'™P<'rt"'»t8eo'<^''»lreporMftomtheNorwegi»nGeoIogicalSnrv8y, 

****»er^j^."^  AMbog  already  mentioued;  103  more  of  the  vftluable  diBBertationg 

.^;^^^^^^    ilnriiig   the  rectorship  oi'  LinnieiiH   &t  llpsaln,  pre»eDted  by  the  Hogre 

^Ctw'  ^^""'■^  »*■  VeBterSfl,  Sweilon;  Dr.  Firdiunnd  Boomer's   "Geologie  von 

fcwJan  ■  ^  "  '"   '*"**  ^^'umost  fr""*  Hie   Koniglich    Prciissischi's    Oberborgamt, 

1       'rick  n     '^"'"^"^^t'on  to  the  Study  of  Petrology;  TLo  Igneous  Koclts,"  by  Fred- 

tea  no     .'*'''  ''<"»  the  publishi^rs,  Messrs.  Swan  Sonueschcin  A.  Co.,  London; 

HiBtorJ*  r'  **ientiflc  treatises,   froiu  tbe   Boyal   HungariaD   Society   of   Natural 

/      fork-^v  '''^^''  ^  P«n>P'''et8  n-om  the  Society  for   Political   Edacation,  Now 

'      bvn  th    ^"''.^'"^y  State  Eeports,  from  the  Now  Jersey  Historical  Society,  Newark; 

••^rtpci  "  ■J*"'"'*'"  *el  Mapa  Geologico,  Madrid,  the  geological  map  of  Spain,  "De- 

Baleari         n  ■     '^°*''><^'*  ^«  Guailal^ara,"  and  "Estndiea  Geologicos  de  las  Islas 

WdIo      °r'     "*  ^'''""'' t*  the  memoirs  and  biilletins  already  mentioned;  "Codex 

U^^."""  "^°"  Comitum  Kfirolyi  de  Nagy-Kftroly,"  in  four  volumes,  from  Count  Nagy- 

ainatitZ,"^*'*^*'  "'»"J«yT><'re  Portfolio  of  Architcrtural   Details,"  a  magnificent 

■»rinaM    1  **"'''  '""'  His  llighiicsB  the  Mahar^ah  of  Jeypore ;  a  large  collection  of 

tiifireiit*fT'   -  ^"^  the  National  Library  at  Eio  de  Janeiro,  including  the  mag- 

Scandi        ■ '"  "*''*''  BraBiliensis;"  39  scieutiQo  papers,   relating  largely   to  early 

Cofbeso  "v"  ^"^  other  early  discoveries  in  America,  ftom  the  Eugene  Beauvois, 

*"ty's  s"'        ,'"^"1  ^^'  '"'■go   folio  "History  of  the  Society  of  Writers  to  her  M^- 

^*Won  ',^^*'"  ^"""  the  Society;  a  complete  aet  of  the  pabUcations  of  the  Institnt 

doB  An'i         ''^''Pspbie,  Brussels;  the  "Kecueil  des   Ordonnances,"  and  "Recueil 

CommiL*'""*  Coatomte,"  in  53  large  quarto  volumes,  from  the  Belgian  Exchange 

Cart^j.   "*"'  ®  pmnphlrts  relating  to  Italian  palcthnology,  from  Inspector  Pompeo 

from  th***'  ^"'"i  ^  pamphlets  relating  to  human  and   comparative  anatomy, 

edition  ^""""•'1  Prof-  H.  Lebouco,   of  the   University  of  Ghent;   the  Memorial 

Meinori  T  **""  "^'ont'H^  Papers  of  James  Clerk  Maxwell."  from  the  Clerk  MaxweU 

Ve„      '^"■'uuittee,  Cambridge. 

^  'wpectfully  submitl«d. 

John  Murdoch, 
llj,    „  Librarian. 

&^'  ^**''«'-«^- 

'^'"To/  He  .Smithtmian  I»ilit»ttom. 


itized  by  Google 


REPORT  ON  PUBLICATIONS  OF  THE  YEAR  ENDING  JUNE  30,  189L        | 
SMITHSONIAN  CONTRIBUTIONS  TO  KNOWLEDGE. 

Sir;  I  havo  tbe  honor  tn  anbniit  the  following  report  upon  thopnblicatdoiuoftlH 
Smitlieoniiiti  Institution  for  the  yenr  ouiUng  Jnue  30,  ltt91; 

Although  no  Addition  has  been  made  during  the  jeax  to  the  series  of  "Contriba- 
tions  to  Knowledge,"  one  issne  has  been  made  in  »  similar  qnartoform,  conslstingof 
a  collection  of  botanicul  plates  which  hod  been  prepared  under  the  direction  of  Uw 
late  Dr.  Asa  Gray  between  the  years  1849  and  1859,  now  some  fort;  years  ago.  Iliii 
fragmentarj  series  of  23  colored  plates  was  designed  as  a  portion  of  an  extendediUm- 
traied  work  on  "  The  Foreot  Trees  of  North  America."  In  the  Secietatj's  report  t« 
the  Regents  for  1849  it  was  stated: 

"It  is  intended  in  this  worlt  to  give  fifpres^m  original  drawings  of  theflomn, 
leaves,  ftuit,  etc.,  of  each  principal  species  in  the  United  States  proper,  for  thennn 
part  of  the  bIeb  of  nature,  and  ho  executed  as  to  furnish  colored  or  uncolored  copiei, 
the  first  being  intended  to  give  an  adequate  idea  of  the  species,  and  the  second  for 
greater  cheapness  and  more  general  diflnsion.  This  work  will  be  completed  in  thne 
parts,  in  octavo,  with  on  atliis  of  quarto  plates,  the  first  part  to  be  published  nril 
spring.  A  portion  of  this  will  be  occupied  with  an  introductory  dissertation  giving 
tne  present  state  of  onr  knowledge  (dive«teil  as  mnch  as  possible  of  all  DnneMMiiT 
technical  terms),  of  the  anatomy,  morphology,  and  physiology  of  the  tree,  tracing 
its  growth  from  the  embryo  to  its  fnll  development  and  reproduction  in  the  fonu- 
tlon  of  frnit  anil  seed.  This  will  be  illustrated  by  drawings  ftom  original  disveetioiiB, 
under  the  microscope,  anil  sketches  made  in  every  instance  from  nature." 

The  illustrations,  so  far  as  furnished,  were  skillfnily  drawn  by  Spragne,  and  T«n 
reproduced  on  stone  by  Sonrel,  Prcstelc,  and  others;  the  impressions  being  eiT»- 
fillly  colored  by  hand.  In  consequence  of  various  nnforeseen  hindrances  and  deUp 
this  interesting  work,  unfortnnately,  was  never  completed  by  its  eminent  projecloi; 
and  DO  descriptive  text  was  ever  received  from  him,  even  of  the  plates  which  hti 
been  finished  auder  his  direction. 

Notwithstanding  the  time  which  has  elapsed  since  their  original  preparation  inil 
the  comparatively  limited  rauKc  of  their  represention,  it  was  thought  advisable  IIjiI 
they  should  be  issued  for  the  lienefit  of  botanists,  who  will  undoubtedly  be  int«- 
eeteil  in  this  unfinished  work  of  their  great  leader  and  exponent,  even  witbonl  tlit 
advantage  of  his  descriptive  comments. 

SMmiSONlAN  MlSCRLUkNKOUS  COLLECnONS, 

The  octavo  publications  of  the  year  in  this  scries  are  as  follows; 

No.  747.  "An  Account  of  the  l>rogn«s  in  Astronomy,  for  the  years  1887, 1888,"  Vt 
W'ilUam  C.  Winlock.  (From  the  Smithsonian  Report  fur  1888.)  Octavo  painplil(t 
of  93  pages. 

No.  748.  "An  Account  of  the  Progress  in  Geology,  for  the  years  1887, 1888,"  bj  ff 
J  UcGee.     (From  the  Smithsonian  Rewt  for  1888.)    Octavo  pamphlet  of  41  pi^ 

No.  749.  "All  Acooaat^m^bwca  in  Hortli  American  Paleontology,  for  the 
yeara  1887,  Ut^JmM/^^^^Kt^^^^tm  the  (iniithsotuaQ  Report  for  188&I 
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Ko.ra>.  "An  Aeconnt  of  tlie  Progf-sH  in  Petrograpby,  for  tbe  yeara  1887,  1888,"  by 
Grorge  P. HerriU.     (Fram  tbe  SmithBouian  Report  fur  1888.)    Ootsvo  piimpblet  of 

Ko.  751.  "An  Acconot  of  Recent  Progress  iu  Dynamic  Meteorology,"  by  Cleveland 
Abbe.  (From  the  Smithaoniaa  Report  for  1888.)  Illustrated  with  7  fignrea.  Oc- 
Uvo  pamphlet  of  88  pages. 

Ko.753.  "An  Account  of  the  PiogTesa  in  Chemistrj-,  for  the  years  1887,1888,"  by 
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ADVERTISEMENT. 


'  The  object  of  the  Qbnebai.  Appbhbix  to  the  Aniiaal  Report  of  the 
Smithsonian  Institation  is  to  fdmlBh  brief  accoonts  of  Boientiflc  discov- 
eiyin  particalar  directioos;  occasional  reports  of  the  investigstions 
made  by  collaborators  of  the  Institatiot] ;  memoirs  of  a  general  charac- 
ter or  on  special  topics,  whether  original  and  prepared  expressly  for  the 
purpose,  or  selected  from  foreign  journals  and  proceedings;  and  brieSy 
to  present  (as  iUly  as  space  will  permit)  sach  papers  not  pnblished  in 
the  Smithsonian  Contribntiona  or  in  the  Miscellaneous  Collections  as 
may  be  sapposed  to  be  of  interest  or  valae  to  the  numeroas  correepond- 
oits  of  the  Institation. 

It  has  been  a  prominent  object  of  the  Board  of  Begenta  of  the  Smith- 
aonian  Institntion,  lh>m  a  very  early  date,  to  eDricti  the  annual  report 
required  of  them  by  lav  with  memoirs  illustrating  the  more  remarka- 
ble and  important  developments  in  physic^  and  biological  discovery, 
as  well  as  shoving  the  general  character  of  the  operations  of  the  Insti- 
tation; and  this  purpose  has,  during  the  greater  part  of  its  history, 
been  carried  out  largely  by  the  publication  of  such  papers  aH  would 
possess  an  interest  to  all  attracted  by  scientidc  progress. 

In  1880,  the  Secretary,  induced  in  part  by  the  discontinoauce  of  an 
annual  sommary  of  progress  which  for  thirty  years  previous  had  been 
issued  by  well-known  private  publishing  firms,  had  prepared  by  com- 
petent collaborators  a  series  of  abstracts,  showing  concisely  the  promi- 
nent features  of  recent  scientiflc  progress  in  astronomy,  geology,  meteor- 
(dogy,  physics,  chemistry,  mineralogy,  botany,  zoology,  and  anthropol- 
ogy. This  latter  plan  was  continued,  though  not  altogether  satisfiic- 
torily,  down  to  and  indnding  the  year  1888. 

In  the  report  for  1889,  a  return  was  made  to  the  earlier  method  of 
presenting  a  misceUaneons  ejection  of  papers  (some  of  them  original) 
embracing  a  considerable  range  of  scientiflc  investigation  and  discus- 
sion.   This  method  has  been  continued  iu  the  present  report,  for  1891. 
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CELESTIAL  8PECTEOSCOPT." 


By  William  Huggins,  p.  e.  s. 


In  1866, 1  bad  the  honor  of  bringing  before  this  Association,  at  one  of 
the  evening  lectures,  an  account  of  the  first  fmits  of  the  novel  and  un- 
expected advances  in  onr  knowledge  of  the  celestial  bodies  which  fol- 
loved  rapidly  npon  KirchhofTs  original  work  on  the  solar  spectrum 
and  the  interpretation  of  its  lines. 

Since  that  time  a  great  harvest  has  been  gathered  in  the  same  field 
bymaay  reapers.  Spectroscopic  astronomy  has  become  a  distinct  and 
acknowledged  branch  of  the  science,  possessing  a  large  literature  of 
ite  own,  and  observatories  specially  devoted  to  it.  The  more  recent  dis- 
covery of  the  gelatine  dry  plate  has  given  a  further  greatimpetns  to  this 
modem  side  of  astronomy  and  has  opened  a  pathway  into  the  unknown 
of  which  even  an  enthusiast  thirty  years  ago  would  scarcely  have  dared 
to  dream. 

Iq  no  science,  perhaps,  does  the  sober  statement  of  the  results  which 
have  been  achieved  appeal  so  strongly  to  the  imagination  and  make 
so  evident  the  almost  boundless  powers  of  the  mind  of  man.  By 
means  of  its  light  alone  to  analyze  the  chemical  nature  of  a  far-distant 
body;  to  be  able  to  reason  about  its  present  state  in  relation  to  the 
past  and  fiitare;  to  measure  within  an  English  mile  or  less  per  second 
the  otherwise  invisible  motion  which  it  may  have  towards  or  from  as; 
to  do  more,  to  make  even  that  which  is  darkness  to  our  eyes  light,  and 
from  vibrations  which  our  organs  of  sight  are  powerless  to  perceive 
to  evolve  a  revelation  in  which  we  see  mirrored  some  of  the  stages 
tbrongh  which  the  stars  may  pass  in  their  slow  evolutional  progress — 
surely  the  record  of  such  achievements,  however  poor  the  form  of 
words  in  which  they  may  be  described,  is  worthy  to  be  regarded  as  the 
Bcientiflc  epic  of  the  present  century. 

Spet^oacopie  methods. — I  do  not  purpose  to  attempt  a  survey  of  tb^- 
pn^press  of  spectroscopic  astronomy  from  its  birth  at  Heidelberg  in  1859, 
bat  to  point  oat  what  we  do  know  at  present,  as  distinguished  from  what 

'PtMidential  addreu  to  the  Britiali  AHMOciation  for  tLe  Advaucement  of  Science, 
■ktCudiff,  ADgut,  1891.     IBeporto/  Brit.  Attoo.  1891,  vol.  uci,  pp. 3-37.)     ^)q[u 
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we  do  not  know,  of  a  few  only  of  its  more  impintaDt  problems,  giviBg  a 
prominent  place,  in  accordance  witli  tlie  traditions  of  this  ciiair,  to  the 
work  of  the  last  year  or  two. 

In  the  spectroscope  itself  advances  have  been  made  by  Lord  Ra- 
leigh by  his  discossion  of  the  theory  of  the  instrument  and  by  Prof. 
Bowland  in  the  constmction  of  concave  gratings. 

Lord  Bayleigh  has  shown  that  there  is  not  the  necessary  connection, 
somedmea  supposed,  between  dispersion  and  resolving  power,  as  be- 
sides the  prism  or  grating  other  details  of  constmction  and  of  ^nsi- 
ment  of  a  8{)ectroscope  roust  be  taken  into  account. 

The  resolving  power  of  the  prismatic  spectroscope  is  proportional  to 
the  length  of  patli  in  the  dispersive  medium.  For  tbe  heavy  flint  glass 
used  in  Lord  Bayleigh's  experiments,  the  thickness  necessary  to  resolve 
the  sodium  liues  came  out  1-02  centimeters.  If  this  be  taken  as  a  unit, 
the  resolving  ])ower  of  a  prism  of  similar  glass  will  be  (in  the  naghbor- 
hood  of  the  sodium  lines)  eqnal  to  the  number  of  centimeters  of  its 
thickness.  In  other  parts  of  the  spectrnm  the  resolving  power  will 
vary  inversely  as  the  third  power  of  the  wave  length,  so  that  it  will  be 
eight  times  as  great  in  the  violet  as  in  the  red.  The  resolving  pover 
of  a  spectroscope  is  therefore  proportional  to  the  total  thickness  of  the 
dispersive  material  in  use,  irrespective  of  the  number,  the  angles,  or 
the  setting  of  the  separate  prisms  into  which,  for  the  sake  of  conven- 
ience, it  may  be  distributed. 

The  resolving  power  of  a  grating  depends  upon  the  total  nnmber  of 
lines  on  its  surface  and  the  order  of  spectrum  in  use,  about  1,000  lata 
being  necessary  to  resolve  the  sodium  lines  in  the  first  spectrnm. 

As  it  is  often  of  importance  in  the  record  of  observationB  to  state 
the  etficiency  of  the  spectroscope  with  which  they  were  made.  Prof. 
Schuster  has  proiKWed  the  nse  of  a  unit  of  purity  as  well  as  of  resolv- 
ing power,  for  the  fiill  resolving  power  of  a  spectroscope  is  realized 
in  practice  only  when  a  sufficiently  narrow  slit  is  used.  The  unit  of  ' 
purity  also  is  to  stand  for  the  separation  of  two  Unes  differing  by  ooe- 
thonsaiidth  of  their  own  wave  length,  abont  the  separation  of  tbe 
sodium  pair  at  D. 

A  further  limitation  may  come  in  from  the  physiological  fact  that, 
as  Lord  Bayleigh  has  pointed  out,  the  eye,  when  its  full  aperture  in 
used,  is  not  a  perfect  instniment.  If  we  wish  to  realize  the  fbll  resolv- 
ing power  of  a  spectroscope,  therefore,  the  emergent  beam  must  not  be 
larger  than  about  one-thinl  of  the  opening  of  the  pupil. 

ITp  to  the  present  time  the  standard  ot  reference  for  nearly  all  sjiec- 
troscopic  work  continues  to  be  Angstrom's  map  of  the  solar  specbim. 
and  bis  scale  based  upon  hi^  original  determinations  of  absolute  wate 
length.  It  is  well  known,  as  was  pointed  out  by  Thal^n  in  his  work 
on  tbe  si>e€tmm  of  iron,  in  1884,  that  Angstrom's  figures  are  slightly 
too  small,  in  consequence  of  an  error  existing  in  a  standard  meter  used 
■  for  this  have  been  introduced  into  the  tables 
'estrial  spectra  collected  and  revised  by  a 
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committed  of  this  AsaociatioQ  frODi  1365  to  1887.  Lost  year  the  com> 
mittee  added  a  table  of  corrections  to  Rowlaod's  acale. 

The  InconTeiiience  caased  by  a  change  of  staudard  scale  is,  for  A 
time  at  least,  considerable;  hnt  there  is  little  doubt  that  in  the  near 
fatare  Rowland's  photographic  map  of  the  solar  spectrum  and  bia 
scale  based  on  the  determiiiations  of  abBolnte  vave  leogth  by  Fierce 
and  Bell,  or  the  Potsdam  scale,  based  on  original  determinationB  by 
Miiller  and  Kempf^  which  differs  very  slightly  from  it,  will  come  to  be 
exclosively  adopted. 

The  great  accuracy  of  Rowland^  photographic  map  is  dtte  chiefly  to 
the  introdnctioQ  by  him  of  concave  gratings  and  of  a  method  for  their 
use  by  which  the  problem  of  the  determination  of  relative  wave  lengths 
is  simplified  to  measures  of  coincidences  of  the  lines  in  different  spectra 
by  a  micrometer. 

The  concave  grating  and  its  peculiar  mounting,  in  which  no  lenses 
or  telescope  are  needed,  and  in  which  all  tlie  spectra  are  in  focas 
together,  formed  a  new  departnre  of  great  importance  in  the  measure- 
ment of  spectral  lines.  The  valuable  method  of  photographic  sensi- 
tizers for  Afferent  parts  of  the  spectrum  has  enabled  Prof.  Rowland  to 
inclnde  in  his  map  the  whole  visible  Kolar  specti-um,  ns  welt  as  the 
nltrs-violet  portion  as  far  as  it  can  get  through  our  atuiosphere.  Some 
recent  photographs  of  the  solar  spectrum,  which  include  A,  by  Mr. 
Qeorge  Higgs,  are  of  great  technical  beauty. 

During  the  past  year  the  results  of  three  independent  researches 
bare  appeared,  in  which  the  special  object  of  the  observers  has  been 
to  distingoish  the  lines  which  are  due  to  our  atmosphere  from  those 
which  are  tmiy  solar — the  maps  of  M.  Thollon,  wbich,  owing  to  his 
lamented  death  jttst  before  their  final  completion,  have  assnmed  the 
character  of  a  memorial  of  him;  maps  by  Dr.  Becker;  and  sets  of  pho- 
tographs of  a  high  and  a  low  sun  by  Mr.  McClean. 

At  the  meeting  of  this  association  in  Bath,  M.  Janssen  gave  an  ac- 
count of  his  own  researches  on  the  terrestrial  lines  of  the  solar  spec- 
trum wbich  owe  their  origin  to  the  oxygen  of  our  atmosphere.  He 
diaeovered  the  remarkable  fact  that,  while  one  class  of  bands  varies  as 
die  density  of  the  gas,  other  diffuse  bauds  vary  as  the  square  of  the 
density.  These  observations  are  in  accordance  with  the  work  of  Ego- 
ToR  and  of  Olszewski,  and  of  Liveing  and  Dewar  on  condensed  oxy- 
gen. In  some  recent  experiments  Olszewski,  with  a  layer  of  liqtiid 
oxygen  30  millimeters  thick,  saw,  as  well  as  four  other  bands,  the  band 
coincident  with  Franuhofer's  A;  a  remarkable  instance  of  the  persist- 
enee  of  absorption  through  a  great  range  of  temperature.  The  light 
vhich  passed  through  the  liquid  oxygen  had  a  light  bine  color  resem- 
bling that  of  the  sky. 

Of  not  less  interest  are  the  experiments  of  Knnt  Angstriini,  which 
show  that  the  carbonic  acid  and  aqueous  vapour  of  tlic  atmosphe*" 
reveal  their  presence  by  dark  hands  in  the  invisible  infra-red  H^u'o[^J 
at  the  positions  of  bands  of  emission  of  these  substances.  '- 
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Spectroscopic  oojiditiona. — It  in  uow  ttome  thirty  yeara  since  the  spec- 
troscope gave  u8  for  the  first  time  certain  knowledge  of  the  uatnre  of 
tlie  heavenly  bodies,  and  revealed  tbe  fuDdameotal  fact  that  tetrestriftl 
matter  is  not  peculiar  to  the  »olar  system,  but  is  common  to  all  the 
stars  which  are  visible  to  us. 

la  the  case  of  a  Ktar  snch  as  Gapella,  which  has  a  Rpectrom  almost 
identical  with  that  of  the  sun,  we  feel  jnstified  iu  concluding  that  the 
matter  of  which  it  is  built  up  is  similat',  and  that  its  temperatnte  is 
also  high,  and  not  very  different  from  the  solar  temperature.  The  task 
of  analyzing  the  stars  and  uebulte  becomes  however  one  of  very  great 
difficulty  when  we  have  to  do  with  spectra  differing  from  the  solar  type. 
We  are  thrown  back  upon  the  laboratory  for  the  information  necesssry 
to  enable  us  to  interpret  the  indications  of  the  spectroscope  as  to  the 
chemical  nature,  the  density  and  pressure,  and  the  temperature  of  tlie 
celestial  masses. 

What  the  spectroscope  immediately  reveals  to  us  are  the  waves  j 
which  were  set  up  in  the  tether  filling  all  inter-stellar  space,  years  at 
hundreds  of  years  ago,  by  the  motions  of  the  molecules  of  the  celestial 
substances.  As  a  rule,  it  is  only  when  a  body  isgaseoas  and  sufficiently 
hot  that  the  motions  within  its  molecules  can  produce  bright  lines  and 
a  corresponding  absoriition.  The  spectra  of  the  heavenly  bodies  are 
indeed,  to  a  great  estent  absorption  spectra,  but  we  have  nsnaUy  to 
stady  them  through  the  corresponding  emission  spectra  of  bodies 
brought  into  the  gaseous  form  and  rendered  luminous  by  means  of 
flames  or  of  electric  discharges.  In  botb  cases,  unfortunately,  as  has 
been  shown  recently  by  Profs.  Liveing  and  Dewar,  Willlner,  E.  Wiede- 
mann and  others,  there  appears  to  be  no  certain  direct  relation  be- 
tween the  luminous  radiation  as  shown  in  the  spectroscope  and  the 
temperature  of  the  flame,  or  of  tbe  gaseous  contents  of  the  vacunm 
tube — that  is,  in  the  usual  sense  of  the  term  as  applied  to  the  mean 
motion  of  all  the  molecules.  In  botb  cases,  tbe  vibratory  motions  with- 
in the  molecules  to  which  their  luminosity  is  due  are  almost  always 
much  greater  than  would  be  produced  by  encounters  of  molecules  hav- 
ing motions  of  translation  no  greater  than  tbe  average  motions  which 
characterize  the  temperature  of  the  gases  as  a  whole.  The  tempera- 
ture of  a  vacunm  tube  through  which  an  electric  discbarge  is  taking 
place  may  be  low,  as  shown  by  a  thermometer,  quite  apart  from  the 
consideration  of  the  extreme  sraallness  of  the  mass  of  gas,  but  the 
vibrations  of  the  luminous  molecules  must  be  violent  in  whatever  way 
we  suppose  them  to  be  set  up  by  the  discharge ;  if  we  take  Schuster's 
view  that  comparatively  few  molecules  are  carrying  the  discharge,  and 
that  it  is  to  the  fierce  encounters  of  these  alone  that  the  luminosity  is 
due,  then  if  all  the  molecules  had  similar  motions,  the  temperature  of 
the  gas  would  be  very  high. 

So  in  flames  where  chemical  changes  are  in  progress,  the  vibratoiy 
motions  of  the  molecules  which  ai-e  luminous  may  be,  iu  connection  with 
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tbe  energy  set  free  in  tliese  changes,  very  difTereiit  from  those  corre- 
spondiag  to  the  mean  temperature  of  the  flame. 

Under  the  ordinary  conditions  of  terrestrial  experimeDts,  therefore, 
tbe  temperature  or  the  mean  vis  viva  of  the  molecules  may  have  no  di- 
rect relation  to  the  t4>tal  radiation,  which,  on  tbe  other  hand,  is  tbe 
ma  of  the  radiation  due  to  each  luminoas  molecule. 

These  phenomena  have  recently  been  discussed  by  P>bert  from  the 
gt^dpoint  of  tbe  electro-magnetic  theory  of  light. 

Voy  great  caation  is  therefore  called  for  when  we  attempt  to  reason 
by  the  aid  of  laboratory  experiments  to  tbe  temperature  of  tbe  heavenly 
bodies  from  their  radiation,  especially  on  the  reasonable  assumption 
tbat  in  them  the  luminosity  is  not  ordinarily  associated  with  chemical 
chaoges  or  with  electrical  discbarges;  but  in  due  to  a  simple  glowing 
from  the  ultimate  conversion  of  the  gravitational  energy  of -shrinkage 
into  molecular  motion. 

In  a  recent  paper  Stas  maintains  that  electric  spectra  are  to  l>e  re- 
garded as  distinct  from  flame  spectra;  and  from  researches  of  his  own, 
that  the  pairs  of  lines  of  the  sodium  spectrum  other  than  D  are  pro- 
duced only  by  disruptive  electric  discharges.  As  these  pairs  of  Unes 
ire  found  reversed  in  the  solar  spectrum,  he  concludes  that  the  sun's 
radiation  is  due  mainly  to  electric  discharges.  But  Wolf  and  Diacon, 
ind  later,  Watts,  observed  the  other  pairs  of  lines  of  the  sodium  spec- 
tuuuwheu  the  vapor  was  raised  above  the  ordinary  temperature  of 
the  BoDSen  flame.  Recently,  Liveing  and  Dewar  saw  easily,  besides 
D,  the  citron  and  green  paurs,  and  sometimes  tbe  blue  pair  and  the 
ffaoge  pair,  when  hydrogen  charged  with  sodium  vapor  was  burning 
atdiiferent  pressures  in  oxygen.  In  the  case  of  sodiam  vajior,  there- 
fore, and  presumably  in  all  other  vapors  and  gnses,  it  is  a  matt«r  of 
indifference  whether  the  necessary  vibratory  motion  of  the  molecules  is 
produced  by  electric  discharges  or  by  flames.  The  presence  of  lines  in 
tbesolar  spectrum  which  we  can  only  produce  electrically,  isanindica- 
lioD,  however,  as  Stas  points  out,  of  the  high  temperature  of  the  sun. 

We  most  not  forget  that  the  light  from  the  heavenly  bodies  may  con- 
Mft  of  the  combined  radiations  of  different  layers  of  gas  at  differen  t  t«m- 
penttm^s,  and  possibly  be  further  complicated  to  an  unknown  extent 
bythe  absorption  of  cooler  iwrtioiis  of  gas  outside. 

Sot  less  caution  is  needed  if  we  endeavor  to  argue  from  the  broaden- 
log  of  lines  and  the  coming  in  of  a  continuous  spectrum  as  to  the  rela- 
tive pressure  of  the  gas  in  the  celestial  atiiiOHx>heres.  On  the  one  hand, 
it  can  not  be  gainsaid  that  in  tbe  laboratory  the  widening  of  the  lines 
in  a  Piacker's  tube  follows  upon  increasing  the  density  of  the  residue 
"rf  hydrogen  in  the  tube,  when  the  vibrations  are  more  frequently  dis- 
turbed by  fresh  encounters,  and  that  a  broadening  of  the  sodium  lines 
in  a  flame  at  ordinary  pressure  is  produced  by  an  increase  of  the  quan- 
tity of  sodium  in  the  flame;  but  it  is  donbtful  if  pressure,  as  distiu-  r 
gQished  from  quMitity,  does  produce  an  increase  of  the  breadth  6f '^6 


74  CELESTIAL  8PECtlM»COPT. 

liBe&  An  indJTidaal  molecule  of  sodium  will  be  sensibly  in  the  same 
MaditioD.  consideriDg  the  relatively  enormous  nnmber  of  the  molecnles 
tt  the  other  gases,  -whether  the  flame  is  scantily  or  copiously  fed  with 
At  sodium  salt.  With  a  small  quantity  of  sodiom  vapor  the  intensit)' 
win  be  feeble  except  near  the  maximnm  of  the  lines;  when,  however, 
the  qttaotity  is  increased,  the  comparative  transparency  on  the  sides  ot 
tbe  Baximnm  will  allow  the  light  from  the  additional  moldcoles  met 
vitb  in  the  path  of  the  visual  ray  to  strengthen  the  radiation  of  Ibe 
Bolecnles  farther  back,  and  so  increase  the  breadth  of  the  lines. 

la  a  gaseous  mixtnre  it  is  found,  as  a  role,  that  at  the  same  preasnre 
or  t^peratore,  as  the  encounters  with  similar  moleeules  become  fever, 
the  spectfal  lines  will  be  affected  as  if  the  body  were  observed  under 
conditions  of  reduced  quantity  or  temperature. 

Id  their  recent  investigation  of  the  spectroscopic  behavior  of  flunee 
under  varions  pressures  up  to  forty  atmospheres,  Profe.  Living  and 
Dewar  have  come  to  the  conclusion  that  though  the  prominent  feature 
of  the  light  emitted  by  flames  at  high  pressure  appears  to  be  a  strong 
coDtinuoos  speotmm,  there  is  not  the  slightest  indication  that  this  cod- 
tinnous  spectrum  is  produced  by  the  broadening  of  the  lines  of  the  same 
gases  at  low  pressure.  On  the  contrary,  photometric  observations  of 
the  brightness  of  the  continuous  spectrum,  as  the  pressure  is  varied, 
show  that  it  is  mainly  produced  by  the  mutual  action  of  the  molecules 
of  a  gas.  Experiments  ou  the  sodium  spectrum  were  carried  np  to  a 
pressure  of  forty  atmospheres  without  producing  any  definite  effect  on 
the  width  of  tbe  lines  which  could  be  ascribed  to  the  pressure.  In  a 
dmilar  way  the  lines  of  the  spectrum  of  water  showed  no  signs  of  ex- 
pansion up  to  twelve  atmospheres;  though  more  intense  than  at  ordi- 
nary pressure,  they  remained  narrow  and  clearly  defined. 

It  follows  therefore  that  a  continuous  spectrum  can  not  be  considered, 
when  taken  alone,  as  a  sure  indication  of  matter  in  the  liquid  or  tbe 
solid  Ktat«.  ^ot  only,  as  in  the  esperiments  already  mentioned,  sncb 
a  spectrum  may  be  due  to  gas  when  under  pressure,  but,  as  Maxwell 
pointed  out,  if  the  thicknc^of  a  medium,  such  as  sodium  vapor,  whicli 
radiates  and  absorbs  different  kinds  of  light,  be  very  great,  and  the 
temperature  high,  the  light  emitted  will  beof  exactly  the  same conipoai- 
tion  as  that  emitted  by  ll>mp-bliu^k  at  the  same  temperature,  for  tbe 
radiations  which  are  fcebljt'  emitted  will  be  also  feebly  absorbed  and 
can  reach  the  surface  from  immense  depths.  Schuster  has  shown  tbal 
oxygen,  even  in  a  partially  exhausted  tube,  can  give  a  continuous  spec- 
trum when  excited  by  a  feeble  electric  discharge. 

Compound  bodies  are  usually  distinguished  by  a  banded  spectmiDi 
but.  on  the  other  liand,  such  a  spectrum  does  not  necessarily  show  the 
l»ei*ence  of  compounds — that  is,  of  molecules  containing  different  kinds 
of  atoms — but  simply  of  a  more  complex  molecule,  which  may  be  made 
up  of  similar  atoms,  and  be,  therefore,  an  allotropic  condition  of  the 
same  liody.    In  some  cases — fi)r  example,  in  the  diffuse  bands  of  the 
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^sOrptton  spectnun  of  oxygen — the  bands  may  have  an  intensity  pro- 
portional to  the  sqoate  of  the  deoBity  of  the  gas,  and  may  be  due  either 
M  the  fonnation  of  more  complex  molecules  of  the  gas  with  increase  of 
pTessnre  or,  it  may  be,  to  the  constraint  to  vhich  the  molecules  are  sub- 
ject daring  their  enconnter  with  one  another. 

It  may  be  thonght  that  at  least  in  the  coincidences  of  bright  lines  we 
are  on  the  8»lid  gronnd  of  certainty,  since  the  length  of  the  waves  set 
up  in  the  ffitber  by  a  molecule,  say  of  hydrogen,  is  the  most  fixed  and 
absolutely  permanent  quantity  in  nature,  and  is  so  of  physical  necessity, 
for  with  any  alteration  the  molecule  would  cease  to  be  hydrogen. 

Such  would  be  the  casb  if  the  coincidence  were  certain  j  but  an  abso- 
Inte  GoiucideDce  can  be  only  a  matter  of  greater  or  less  probability, 
dqieudiug  on  the  resolving  power  employed,  on  the  numbei'  of  the  lines 
vhich  correspond,  and  on  their  characters.  When  the  coincidences  are 
veiy  nnnerouB,  as  in  the  case  of  iron  and  the  solar  spectrnm,  or  the 
lines  are  characteristically  grouped,  as  in  the  case  of  hydrogen  and  the 
solar  spectram,  we  may  regard  the  coincidence  as  certain;  but  the 
{n>gTess  of  science  has  been  greatly  retarded  by  resting  important  oon- 
clndons  upon  the  apparent  coincidence  of  single  lines  in  spectroscopes 
of  very  small  resolving  power.  In  such  cases,  unless  other  reasons 
Bopporting  the  coincidence  are  present,  the  probability  of  a  real  coinci- 
dence is  almost  too  small  to  be  of  any  importance,  es)>ecially  in  the  case 
of  a  heavenly  body  which  may  have  a  motion  of  approach  or  of  recession 
of  unknown  amount. 

But  even  here  we  are  met  by  the  confasion  introduced  by  multiple 
spectra,  corresponding  to  different  molecular  groupings  of  the  same 
rabBtonce  and,  further,  to  the  influence  of  substances  in  vapor  upon 
eachother;  for  when  several  gases  are  present  together  the  phenomena 
of  radiation  and  reversal  by  absorption  are  by  no  means  the  same  as 
if  the  gases  were  free  from  each  other's  influence,  and  especially  is  this 
the  case  when  they  are  illumiuated  by  an  electric  discharge. 

I  have  said  as  much  as  time  will  permit  and  I  think  indeed  snfli- 
cient  to  show  that  it  is  only  by  the  laborious  and  slow  process  of  most 
cantioiiB  observation  that  the  foundations  of  the  science  of  celestial 
pliysics  can  be  surely  laid.  We  are  at  present  in  a  time  of  transition, 
when  the  earlier  and,  in  the  nature  of  things,  less  precise  observations 
we  giving  place  to  work  of  an  order  of  aticuracy  much  greater  than 
vas  formerly  considered  attainable  with  objects  of  such  small  bright- 
uess  as  the  stars. 

The  accnracy  of  the  earlier  determinations  of  the  spectra  of  the  ter- 
nstrial  elements  is  in  most  cases  insufficient  for  modem  work  on  the 
'itars  as  well  as  on  the  sun.  It  falls  much  below  the  scale  adopted  in 
Borland's  map  of  the  sun,  as  well  as  below  the  degree  of  accuracy  at- 
Wned  at  Potsdam  by  photography  in  a  part  of  the  si>ectrum  for  the 
brighter  stars.  Increase  of  resolving  power  very  frequently  breaks  up  . 
into  groups,  in  the  spectra  of  the  sun  and  stars,  the  lines  which^fib^l'-' 
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been  regarded  as  Bingle,  and  their  supposed  coincidence  Tith  terteetnal 
lines  fallB  to  tlie  ground.  For  this  reason  many  of  the  early  conclnsioiu 
based  on  observation  as  good  as  it  was  possible  to  make  at  the  time 
vitb  the  less  poverfiil  spectroscopes  then  in  nse,  may  not  be  found  to  be 
maintained  under  the  much  greater  resolving  power  of  modem  instm- 
ments. 

Spectroscopic  Prohlema. — The  spectroscope  haa  failed  as  yet  to  inter- 
pret for  us  the  remarkable  spectnim  of  the  aurora  borealts.  Undoabt- 
edly  in  this  phenomenon  portions  of  our  atmosphere  are  lighted  op  bf 
electric  discharges;  we  should  expect,  therefore,  to  recognize  the  spectn 
of  the  gases  known  to  he  present  in  it.  As  yet  we  have  not  been  able 
to  obtain  similar  spectra  lh)m  these  gases  artificially,  and  especially  ve 
do  not  know  the  origin  of  the  principal  line  in  the  green,  which  ofteD 
appears  alone,  and  may  have,  therefore,  an  origin  independent  of  tliat  of 
the  other  lines.  Recently  the  suggestion  has  been  made  that  the  anron 
is  a  phenomenon  produced  by  the  dust  of  meteors  and  falling  stars,  mi 
that  near  positions  of  certain  anroral  lines  or  flutings  of  manganese, 
lead,  barium,  thallium,  iron,  et4!.,  aresnfflcient  to  justify  us  in  regardio? 
meteoric  dust  iu  the  atmosphere  as  the  origin  of  the  auroral  spectmia. 
Liveing  and  Dewar  have  made  a  coneluaive  research  on  this  point,  by 
availing  themselves  of  the  dust  of  excessive  minuteness  thrown  off 
from  the  surface  of  the  electrodes  of  various  metals  and  meteorites  b; 
a  disi-njitive  discharge,  and  carried  forward  into  the  tube  of  observa- 
tion by  a  more  or  less  rapid  current  of  air  or  other  gas.  These  experi- 
ments prove  that  metallic  dust,  however  fine,  suspended  in  a  gas  wit! 
not  act  like  gaseous  matter  in  becoming  luminons  with  its  character- 
istic spectrum  in  an  electric  discharge  similar  to  that  of  the  aurora. 
Prof.  Schuster  has  suggested  that  the  principal  line  may  be  due  to  some 
very  light  gas  which  is  present  in  too  small  a  proportion  to  be  detected 
by  chemic^  analysis  or  even  by  the  spectroscope  in  the  presence  of 
the  other  gases  near  the  earth,  but  which,  at  the  height  of  the  auroral 
discharges  is  in  a  sufficiently  greater  relative  proportion  to  give  a 
spectrum.  L<-mstrom,  indeed,  states  that  he  saw  this  line  in  the  silent 
discharge  of  a  Holtz  machine  on  a  mountain  in  Lapland.  The  linu 
may  not  have  been  obtained  in  our  laboratories  from  the  atmospbaic 
gases  on  account  of  the  difficulty  of  re-producing  in  tubes  with  sufficieot 
nearness  the  conditions  ander  which  the  anroral  discharges  take  plx* 

In  the  Bi^ectra  of  cometa  the  spectroscope  has  shown  the  presence  of 
carbon  presumably  in  combination  with  liydrogen,  and  also sometame 
with  nitrogen;  and  in  thecase  of  comets  approaching  very  neartbeBniii 
the  lines  of  sodium,  and  otherlines  which  have  been  eapposedtobelonf; 
to  iron.  Though  the  researches  of  Prof.  H.  A.  Newton  and  of  Piof' 
Schiaparelli  leave  no  doubt  of  the  close  connection  of  comets  with 
corresponding  periodic  meteor  swarms,  and  therefore  of  the  probable 
identity  of  cometary  matter  with  that  of  meteoritea,  with  which  tbeBpec 
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trwcopic  erideace  agrees,  it  voald  be  perhaps  unwise  at  present  to  at- 
lenpt  to  define  too  precisely  the  exact  conditioQ  of  the  matter  vlucli 
ftnnsthe  nacleas  of  the  comet.  In  any  case  tbe  part  of  the  light  of 
the  comet  which  is  not'reflected  solar  light  can  scarcely  be  attributed 
lo  a  bigh  temperature  produced  by  the  clashing  of  separate  meteoric 
stones  set  ap  within  the  nucleus  by  tbe  suu's  disturbing  force.  We 
mnst  look  rather  to  dismptiye  electric  discharges,  produced  probably 
bj  processes  of  eTaporation  due  to  increased  solar  heat,  which  would 
be  amply  sofflcient  to  set  free  portions  of  the  occluded  gases  into  the 
yacnom  of  space.  May  it  be  tliat  these  discbarges  are  Sssisted,  and 
indeed  possibly  increased,  by  the  recently-discoyered  action  of  the 
altra-violet  part  of  the  sun's  light  1  Lenard  and  Wolfe  have  shown 
that  altra-violet  light  can  produce  a  discharge  from  a  negatively  elec- 
trified piece  of  metal,  while  Hallwachs  and  Bighi  have  shown  t^irther 
that  ultra- violet  light  can  eveu  charge  positively  an  nnelectrifled  piece 
of  met^.  Similar  actions  on  cometary  matter,  unscreened  as  it  is  by  an 
absorptive  atmosphere,  at  least  of  any  noticeable  extent,  may  well  l>e 
poTerfhl  when  a  comet  approaches  the  sun,  and  help  to  explain  an 
cleetriAed  conditiou  of  the  evaporated  matter  which  would  possibly 
bring  it  under  the  sun's  repulsive  action.  We  shall  have  to  return  to 
thlB  point  in  speaking  of  the  solar  corona. 

A  very  great  advance  has  been  made  in  our  knowledge  of  the  con- 
stitndon  of  thesnn  bytherecentwork  at  the  Johns  Hopkins  University 
\>j  means  of  photograplty  and  concave  gratings,  in  comparing  the  solar 
spectrum,  under  great  resolving  power,  directly  with  the  spectra  of  the 
tenestrial  elements.  Prof.  Rowland  has  shown  that  the  lines  of  thirty- 
lii  terrestrial  elements  at  lettst  are  certainly  present  iu  the  solar  spec- 
tmm,  while  eight  others  are  doubtful.  Fifteen  elements,  including  ni- 
trogen, as  it  nhows  itself  under  an  electric  discharge  in  a  vacuum  tube, 
have  sot  t>een  found  in  the  solar  spectrum.  Some  ten  other  elements, 
inclnsiveof  oxygen,  have  not  yet  been  compared  with  tbe  sun's  spec 
tmm, 

Bowland  remarks  that  of  the  fifteen  elements  named  as  not  found  in 
the  snn,  many  are  so  classed  because  they  have  few  strong  Unes,  or 
none  at  all,  in  the  limit  of  the  solar  spectrum  as  compared  by  him  with 
the  arc.  Boron  has  only  two  strong  lines.  The  lines  of  bismuth  are 
compound  and  too  diffuse.  Therefore  even  in  the  case  of  these  fifteen 
elements  there  is  little  evidence  that  they  are  really  absent  ttom  the 
ma. 

It  follows  that  if  the  whole  earth  were  heated  to  tbe  temperature  of 
tbe  snn,  its  spectrum  would  resemble  very  closely  the  solar  spectrum. 

Bowland  has  not  found  any  lines  common  to  several  elements,  and 
in  the  case  of  some  accidental  coincidences,  more  accurate  investiga- 
tion reveals  some  slight  difference  of  wave-length  ot  a  common  im- 
pnrity.  Further,  the  relative  strength  of  the  lines  in  the  solar  spec- 
tnun  is  generally,  with  a  few  exceptions,  the  same  as  that  in  the  elft^^^lc 
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trie  arc,  so  that  Rowland  considers  that  his  experiments  ebov  "very 
.  little  evidence"  of  the  breaking  up  of  the  terreBtrial  elements  in  the 
snn. 

Stas  in  a  recent  paper  gives  the  final  results  of  eleven  years  of  re- 
search OD  the  chemical  elements  in  a  8tat«  of  purity,  and  on  the  possi- 
bility of  decomposing  them  by  the  physical  and  chemical  forces  at  onr 
disposal.  His  experiments  on  calcinm,  strontium,  lithium,  magnesiom, 
silver,  sodium,  and  thallinni,  show  that  these  substances  retain  Qim 
individuality  under  ail  conditions,  and  are  unalterable  by  any  forces 
that  we  can  bring  to  bear  upon  them. 

Prof.  Rowland  looks  to  the  solar  lines  which  are  unaccounted  for  as 
a  means  of  enabling  him  to  discover  such  new  terrestrial  elements  ae 
still  lurk  in  rare  minerals  and  earths,  by  confronting  their  spectra 
directly  with  that  of  the  sun.  He  has  already  resolved  yttrium  spec- 
troscopically  into  three  coni]>onents,  and  actually  into  two.  Theoom- 
parison  of  the  results  of  this  independent  analytical  method  with  the 
remarkable  but  different  conclusions  to  which  M.  Lecoq  de  Boisbandraa 
and  Ur.  Orookes  have  been  led  respectively,  th>m  spectroscopic  obwr 
vation  of  these  bodies  when  glowing  under  molecular  bombardment  in 
a  vacuum  tube,  will  be  awaited  with  much  interest.  It  is  worthy  of 
reuiark  that,  as  our  knowledge  of  the  spectrum  of  hydrogen  in  its  com- 
plete form  came  to  us  from  the  stars,  it  is  now  from  the  sun  that  chem- 
istry is  probably  about  to  be  enriched  by  the  discovery  of  new  elemeotB. 

In  a  discussion  in  the  Bakerian  Lecture  for  1885,  of  what  we  knev 
up  to  that  time  of  the  sun's  corona,  I  was  led  to  the  conclusion  that  the 
corona  is  essentially  a  phenomenon  similar  in  the  cause  of  its  formation 
to  the  tails  of  comets — namely,  that  it  consists  ibr  the  most  part  prob- 
ably of  matter  going  from  the  sun  under  the  action  of  afi>rce,  possibly 
electrical,  which  varies  as  the  surface,  and  can  therefore  in  the  case  of 
highly  attenuated  matter  easily  master  the  force  of  gravity  even  near 
the  snn.  Though  many  of  the  coronal  pari:icle8  may  return  to  Uie  aon, 
those  which  form  the  long  rays  or  streamers  do  not  return;  they  sepa- 
rate and  soon  become  too  diffused  to  be  any  longer  visible,  and  ma; 
well  go  to  fhmish  the  matter  of  the  zodiacal  light,  which  otherwise  ha» 
not  received  a  satisfactory  explanation.  And  (urther,  if  such  a  force 
exist  at  the  snn,  the  changes  of  terrestrial  magnetism  may  be  due  to 
diref't  electrii-  action,  as  the  eariih  moves  through  lines  of  indHdJve 
ibrre. 

These  conclusions  appear  to  be  in  accordance  broadly  with  the  lines 
along  which  tlionght  has  been  directed  by  the  results  of  subsequent 
eclipses.  Prof,  t^-liuster  take»  an  essentially  similarview,  and  saggests 
that  there  may  be  a  direct  electric  connection  between  the  snn  and  the 
planets.  He  asks  ftirther  whether  the  sun  may  not  act  like  a  magnet 
in  oonaeqnencc  of  its  revolution  about  its  axis.  ProC  Bigelow  has  re- 
cently treated  the  ooroiuil  forms  by  the  theory  of  spherical  harmonics, 
on  the  supposition  that  we  see  phenomena  similar  to  those  of  freedec- 
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tricity,  the  rays  being  lines  of  force,  and  the  coronal  matter  discharged 
from  the  son,  or  at  least  arranged  or  controlled  by  these  forces.  At 
tbe  extremitiea  of  the  streams  for  some  reasons  the  repnlsive  po  ver  may 
be  lost,  and  gravitation  set  In,  bringing  the  matter  back  to  the  san. 
The  matter  which  does  leave  the  sun  is  persistently  transported  to  the 
eqiifttorial  plane  of  the  corona;  in  fact,  the  zodiacal  light  may  be  the 
accnmnlation  at  great  distances  &om  the  sanalongthiseqaatorof  snch 
like  material.  Photographs  on  a  larger  scale  vill  be  desirable  for  the 
foil  development  of  the  conclusions  which  may  follow  from  this  study 
of  the  carved  forms  of  the  coronal  structure.  Prof.  Schaeberte,  how- 
era',  considers  that  tiie  coronal  phenomena  may  be  satisfactorily  ac- 
comited  for  on  the  supposition  that  the  corona  is  formed  of  streams  of 
matter  ^ected  mainly  from  the  spot  zones  with  great  initial  velocities, 
but  smaller  than  382  miles  per  second.  Further,  that  the  different  types 
of  the  corona  are  due  to  the  effects  of  perspective  on  (he  streams,  from 
tbe  earth's  place  at  the  time  relatively  to  the  plane  of  the  solar  equator. 
Of  the  physical  and  the  chemical  nature  of  the  coronal  matt«r  we 
know  very  little.  Schuster  conclndes,  from  an  examination  of  tlie 
eclipses  of  1882, 1883,  and  1886,  that  the  continuous  spectrum  of  the 
corona  has  the  maximum  of  actinic  intensity  displaced  considerably 
towards  the  red  when  compared  with  tbe  si)ectrum  of  the  sun,  which 
shows  that  it  oan  only  be  due  in  small  part  to  solar  light  scattered  by 
noall  particles.  The  lines  of  caleinm  and  of  hyd  rogen  do  not  appear  to 
form  part  of  the  normal  spectrum  of  the  corona,  Tbe  green  coronal 
hue  has  uo  known  representative  in  terrestrial  substances,  nor  has 
Schuster  been  able  to  recognize  any  of  oar  elements  in  tbe  otiier  lines 
of  the  corona. 

Sttllar  evolution, — The  spectra  of  the  stars  are  almost  infinitely 
(liversifled,  yet  they  can  be  arranged  with  some  exceptions  in  a  series 
in  which  the  adjacent  spectra,  especially  in  the  photographic  region, 
U9  scarcely  distinguishable,  passing  from  the  bluish-whit«  stars  like 
SiiiuB,  through  stars  more  or  less  solar  in  character,  to  stars  with 
banded  spectra,  which  divide  themselves  into  tffo  apparently  inde- 
pendent groups,  according  as  the  stronger  edge  of  the  bands  is  towards 
the  red  or  the  blue.  In  sach  an  arrangement  the  sun's  place  is  towards 
the  middle  of  the  seriea 

At  present  a  difference  of  opinion  exists  as  to  the  direction  in  the 
"enen  in  which  evolution  is  proceeding,  whether  by  further  condensa- 
tion whit«  stars  pass  into  the  orange  and  red  stages,  or  whether  these 
more  colored  stars  are  younger  and  will  become  white  by  increasing 
"ge.    The  latter  view  was  suggested  by  Johnstone  Stoney  in  1867. 

About  tan  years  ago  Ritter  in  a  series  of  papers  discussed  the  behav- 
ior of  gaseous  masses  during  condensation,  and  the  probable  resulting 
coDstatation  of  the  heavenly  bodies.    According  to  him,  a  star  passes  r 
'linmgh  the  orange  and  red  stages  twice,  first  during  a  comparatively 
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Bhort  period  of  ioereiisiug  temperature,  which  culminates  in  the  white 
stage,  and  a  second  time  during  a  more  prolonged  stage  of  gradual 
cooling.  He  Buggested  that  the  two  groaps  of  handed  stars  may  cor- 
respond to  these  different  periods,  the  young  stars  being  those  in  which 
the  stronger  edge  of  the  dark  baud  is  towards  the  bine,  the  other  banded 
stATB,  which  are  relatively  less  luminous  and  few  in  number,  being  those 
which  are  approaching  extinction  through  age. 

Recently  a  similar  evolutional  order  has  been  suggested,  which  is 
based  upon  the  hypothesis  that  the  nebulie  and  stars  consist  of  collid- 
ing meteoric  stones  in  different  stages  of  condensation. 

More  recently  the  view  has  been  put  forward  that  the  diversified 
spectra  of  the  stars  do  not  represent  the  stages  of  an  evolutional 
progress,  but  are  due  for  the  most  part  to  differences  of  original  con- 
stitution. 

The  few  minutes  which  can  be  given  to  this  part  of  the  address  are 
insufiScient  for  a  discassion  of  these  different  views.  I  purpose,  there- 
fore, to  state  briefly,  and  with  reserve,  as  the  subject  is  obscure,  some  of 
the  considerations  ttom  the  characters  of  their  spectra  which  appeared 
to  me  to  be  in  favor  of  the  evolutional  order  in  which  I  arranged  the 
stars  ftom  their  photographic  spectra  in  1S79.  This  order  is  essentially 
the  same  as  Yogel  had  previously  proposed  in  his  classification  of  the 
stars  in  1874,  in  which  the  white  stars,  which  are  most  numerous, 
represent  the  early  adult  and  most  persistent  stage  of  stellar  life;  the 
solar  condition  that  of  full  maturity  and  of  commeocing  age;  while  in 
the  orange  and  red  stars  with  banded  spectra  we  see  the  setting  in  and 
advance  of  old  age.  But  this  statement  must  be  taken  broadly,  and 
not  as  asserting  that  all  stars,  however  different  in  mass  and  possibly 
to  some  small  extent  in  original  constitntion,  exhibit  one  invariable  suc- 
cession of  spectra. 

In  the  spectra  of  the  white  stars  the  dark  metallic  lioes  are  relatively 
inconspicuous,  and  occasionally  absent,  at  the  same  time  that  thedark 
lines  of  hydrogen  are  usually  strong,  and  more  or  less  broad,  upon  a 
continuous  spectrum,  which  is  remarkable  for  its  brilliancy  at  tbehtue 
end.  In  some  of  these  stars  the  hydrogen  and  some  other  lines  are 
bright,  and  sometimes  variable. 

As  the  greater  or  less  prominence  of  the  hydrogen  lines,  dark  or 
bright,  is  characteristic  of  the  white  stars  as  a  class,  aod  diminishes 
gradually  with  the  incoming  and  increase  in  strength  of  the  other 
lines,  we  are  probably  justified  in  regarding  it  as  due  to  some  condi- 
tions which  occur  naturally  during  the  progress  of  stellar  life,  and  not 
to  a  peculiarity  of  original  constitution. 

To  produce  a  strong  absori>tton-6pectrum  a  substance  must  be  at  the 
p:irticular  temperature  ut  which  it  is  notably  absorptive;  and  further, 
this  temperature  must  be  sufficiently  below  that  of  the  region  behind 
from  which  the  light  comes  for  the  gas  to  appear,  so  far  as  its  special 
rays  are  concerned,  as  darkness  upon  it.    Considering  the  high  tern- 
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perstnre  to  which  hydrogen  mnst  be  raised  before  it  can  show  its  char- 
acteristic emission  and  absorption,  we  shall  probably  be  right  in  attribu- 
ting the  relative  feebleneHS  or  absence  of  the  other  lines,  not  to  the 
pancity  of  the  metallic  vapors,  but  rather  to  their  being  so  hot  relatively 
b)  the  siibstsnces  behind  them  as  to  show  feebly,  if  at  all,  by  reversion. 
Sncb  a  state  of  things  would  more  probably  be  found,  it  seems  to  me, 
in  conditions  anterior  to  the  solar  stage.  A  considerable  cooling  of  the 
sun  woolil  probably  give  rise  to  banded  spectra  due  to  compounds,  or 
to  more  complex  molecules,  which  might  form  near  the  condenetug 
points  of  the  vapors. 

The  sun  and  stars  are  generally  regarded  as  cousisting  of  glowing 
vapors  surrounded  by  a  photosphere  where  condensation  is  taking 
place,  the  temperature  of  the  photospherio  layer  from  which  the  greater 
part  of  the  radiation  comes  being  constantly  renewed  fh>m  the  hotter 
matter  within. 

At  the  surface  the  convection  currents  would  be  strong,  producing  a 
considerable  commotion,  by  which  the  different  gases  would  be  mixed 
and  not  allowed  to  retain  the  inequality  of  proportions  at  different 
levels  due  to  their  vapor  densities. 

Now  the  conditions  of  the  radiating  photosphere  and  those  of  the 
gasBH  above  it,  on  which  the  character  of  the  spectrum  of  a  star  depends, 
irill  be  determined,  not  alone  by  temperature,  but  also  by  the  force  of 
gravity  in  these  regions;  this  force  will  be  fixed  by  the  star's  mass  and 
its  stage  of  condensation,  and  will  become  greater  as  the  star  contiuues 
to  condense. 

Id  tl^e  case  of  the  sun  the  force  of  gravity  has  already  become  so 
great  at  the  surface  that  the  decrease  of  the  density  of  the  gases  must 
be  extremely  rapid,  passing  in  the  space  of  a  few  miles  from  atmos- 
pheric presaore  to  a  density  inflnitesimally  small;  consequently  the 
temperature-gradient  at  the  surface,  if  determined  solely  by  expansion, 
must  be  extremely  rapid.  The  gases  here  however  are  exposed  to  the 
fierce  radiation  of  the  sun,  and  uulesa  wholly  transparent  would  take 
np  beat,  especially  if  any  solid  or  liqnid  particles  were  present  from 
coDdensation  or  convection  currents. 

From  these  causes,  within  a  very  small  extent  of  space  at  the  surface 
oftbesuu,  all  bodies  with  which  we  are  acquainted  should  fall  to  a  con- 
dition in  which  the  extremely  tenuous  gas  could  no  longer  give  a  vis- 
ible spectram.  The  insigniflcauce  of  the  angle  subtended  by  this  space 
as  Been  from  the  earth  should  cause  the  boundary  of  the  solar  atmos- 
phere to  appear  defined.  If  the  boundary  which  we  see  be  that  of  the 
xan  proper,  the  matter  above  it  will  have  to  be  regarded  as  in  an  essen- 
tially dynamical  condition — an  assemblage,  so  to  speak,  of  gaseous  pro- 
jectiles, for  the  most  part  falling  back  upon  the  sun  after  a  greater  or 
less  range  of  Sight.  But  in  any  case  it  is  within  a  space  of  relatively 
uoall  extent  in  the  ann,  and  probably  in  the  other  solar  stars,  that  the 
H.  Mis.  334,  pt.  1 6  L:,y,i,.euL,,GoO^Ie 
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i«T«rsion  which  is  manifested  by  dark  lines  is  to  be  regarded  ae  takiog 
phK«. 

Paasing  baekward  in  the  star's  life^  we  should  find  a  gtadnal  weak- 
ening of  jtravitf  at  the  snr&oe,  a  radnction  of  the  tWDperatare-gradi- 
eut  so  £»  as  it  was  delonuined  by  expansion,  and  couvectioD  cnrreDte 
of  le^TioIeuce  producing  less  interference  with  the  proportional  qnao- 
tities  of  {rases  due  to  their  Tapor  densities,  while  the  effects  of  enip- 
tiitos  woidd  be  more  extensive. 

At  last  we  miirht  come  to  a  state  of  things  in  which,  tf  the  star  were 
hot  eiMwgli.  ordf  h>'drogen  might  be  rafficieotly  ciwl  relatively  to 
the  radiation  behind  to  produce  a  f^troHg  ab>«rption.  The  lower  vapora 
would  be  pntterted,  and  might  ctmtinoe  to  be  relatively  too  hot  for 
tbeir  lines  to  appear  \&y  dark  upon  the  continnoos  spectnun;  besides, 
their  liaei^  might  be  |Mssibl,v  to  some  extent  effitced  by  the  coming  in 
under  soefa  civ>dith>n»  in  the  vapors  tb^a«dves  of  a  continuxos  spec- 
tram. 

In  saeh  a  star  the  light  ndiated  towards  the  upper  part  «f  the  atmos- 
l>here  may  have  ntme  from  iK4-tii>n«  lower  down  of  the  atmo^here 
it^f.  or  at  )e»!^t  thim  |«n»  mx  greatly  h<4ter.  There  may  be  no  snch 
gTMt  difleieuce  of  teai|)erittiue  of  the  k>w  and  less  low  portuHis  of  tbe 
;i4arV  alaMHpberp  as  to  make  the  darkening  effect  of  absorption  of  the 
pn4VTted  metallic  T:a(tors  to  prevail  over  the  ilhimiiiating  effect  of 
their  «au>^«. 

It  is  or.;y  by  a  r^b»»t*wv  nt>t>i>n  corT»*|^»adiag  h*  a  verj-  high  tem- 
pecatare  that  the  Sr^^ht  l:ae?'  t^  the  £rst  s^pectram  of  hydrogeo  can  be 
twi«.;it  i^st.  ar-d  by  tie  e«;uivaIesoe  v>f  abficcbiE^  and  enittiD  j  power 
ti^Jii  ;!)«  oi(T«>^>r.>i:r.i;  s;««<rmm  v>f  ahMrpn^^a  sboold  be  [vodaced; 
jvt  S«-*#;7*vr,f  ibst.wjo.-'a  u»  *b>»w  ;rs>rij".  the  hTdrofmi  must  be  cool 
ivi*];>-«^  ti^  the  s«'>anre  of  rkii:jt^:  o.  tae-hirid  it,  wbether  this  be  con- 
decTjieJ  |<ari>f)<*  .w  gasv  So^h  <».»r,.!;iJ--i.A.  :r  sm^is  to  me.  should  oc- 
<t;  :a  ihe  ea.KKv^  ra:~w  ]h»  :r.  ;^  x».^7e  a>lvaac<d  $tage«  of  cmtdeo- 

The  scV'W*  i>  aNjk-:;:*.  »nA  w*  Tr.*y  f  .>  wtmcc  in  »«r  mode  of  con- 
««^-Ti;  .■<  ;>ie  i^rs'tiwNV  pT\*ir:y«s  .-if  eTirtts;.  i«i  iirt»e  can  be  no  doabt 
riiiii  rx  .-i&e  7faaa?k*>-'K'  ;Tij=rj«^.-e  tl>e  wi.:w~jq»r  qpeccivm  is  assodated 
w-^:>:  as  «•^^l  *tAcc  of  <n .tk^^t-sjitj-*. 

S;rra*  w  «ne  «i  slie  i;!.isj  o.vtisV'K-m.'^bs  exiticTiiw  of  me  tjyt  <rf  this 
<~:i*:sis.'<  >3ar!^  rih-tT.isscrK-  »>;«s*:-«-i:i.->T.>  .-viii.i»LJwid  w:th  its  aecestaiofd 
T-»rfc:.ftv  sJi.-w  :)dtt  i\js  s^r  <cn.-t>  ir-tn.  1  .rry  i..  kitt  times  the  Ugbt 
.'■:  OCT  ja^T..  *^\i-T.  T.--  tW  <>Y..  wl.!.k  j>  ::.s(T,?..;.w  :,■  s.tn-vMet  light,  in 
*).>.-l;  S.r  r.s  i>  Vi-'i,  rvK  •  1  .it-  »-e  »»:i.  rr.in;  :iir  meckm  of  its  com- 
■jtin  \,t7.  :).th  -:»  ni>t$s^  •>  t>.'<  n  .i.-Y  t»ioc  :V.i>c  o.m.~Sm-  ihat  oi  oar  eon. 
\x  vi'.  »-s  tt.ai,  »;- ■.!«;  w<  a'::  ;.-,:^  ;  ;"!  *  ^jc  fci  in^nbtbly  great 
*>iiir:*>^t  TV  »•(»:, .;  »  i;>^  N  .if  -K.iii;.i.?it  -*,;■(,]■;>■,  ,1.  k  ^«Hi mote diffbse 
w.",  :lff~>ii.i7»  ar.  w.'jcT  <\v.";  I'.w,  :>,>,i.  .«.,:  si,7 :  ibovgh  probaUr  at 
a  Wjiv  fS-ttpi  ;lt>r.  t)ii'«<r  *  >  ..<■  $'-~r>  .i.  ^  i  >.-i.  tim-  l,t4rsgea  fines  are 
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A  direct  determination  of  the  relative  temperature  of  the  photo- 
spheres of  the  sUas  might  possibly  be  obtained  in  aome  cases  from 
ttie  relative  position  of  maximum  radiation  of  their  continuous  spectra. 
Langley  has  shown  that  throagh  the  whole  range  of  temperature  on 
which  we  can  experiment,  and  presumably  at  temperatares  beyond,  the 
maximum  of  radiation  power  In  solid  bodies  gradually  shifts  upwards 
in  the  spectrum  from  the  infra-red  through  the  red  and  orange,  and 
that  in  the  snn  it  has  reached  the  blue. 

The  defined  character,  aa  a  rule,  of  the  stellar  tines  of  absorption 
suggests  that  the  vapors  producing  them  do  not  at  the  same  time 
exert  any  strong  power  of  general  absorption.  Consequently,  we 
should  probably  not  go  fer  wrong,  when  the  photosphere  consists  of 
Uquid  or  solid  particles,  if  we  could  compare  select  parts  of  the  coq- 
tinnoas  spectrum  between  the  stronger  lines,  or  where  they  are  fewest. 
It  is  obvious  that,  if  extended  portions  of  different  stellar  spectra 
were  compared,  their  true  relation  would  be  obscured  by  the  line- 
sbsorption. 

The  increase  of  temperature,  as  shown  by  the  rise  in  the  spectmm  of 
the  maximum  of  radiation,  may  not  always  be  accompanied  by  a  cor- 
lesponding  greater  brightness  of  a  star  as  estimated  by  the  eye,  which 
is  an  extremely  imperfect  photometric  instmmeDt.  Kot  only  is  the  eye 
bUnd  to  targe  regions  of  radiation,  but  even  for  the  small  range  of  light 
that  we  can  see  tiie  visual  effect  varies  enormously  with  its  color.  Ac- 
conling  to  Prot  Langley,  the  same  amount  of  energy  which  just  enables 
OS  to  perceive  tight  in  the  crimson  at  A  would  in  the  green  produce  a 
visual  effect  100,000  times  greater.  In  the  violet  the  proportional  effect 
would  be  1,600,  in  the  blue  62,000,  in  the  yellow  28,000,  in  the  orange 
14,000,aud  in  thered  1,200.  Capt  Aboey's  recent  experiments  make  the 
sensitiveness  of  the  eye  for  the  green  near  F  to  be  760  times  greater  than 
for  the  red  about  C.  It  is  for  this  reason,  at  least  in  part,  that  I  suggested 
nil864,  and  have  since  shown  by  direct  observation,  that  the  sjtectrum  of 
the  nebnla  in  Andromeda,  and  presumably  of  similar  nebulee,  is  in  ap- 
pearance only  wanting  in  the  red. 

The  stage  at  which  the  maximum  radiation  is  in  the  green,  correspond- 
ing to  the  ey^s  greatest  sensitiveness,  would  be  that  in  which  it  could 
be  most  favorably  measured  by  eye  photometry.  As  the  maximum  rose 
into  the  violet  and  beyoud,  the  star  would  inci-ease  in  visual  brightness, 
but  not  in  proportion  to  the  increase  of  energy  radiated  by  it. 

The  brightness  of  a  star  would  be  affected  by  the  nature  of  the  sub- 
%nce  by  which  the  light  was  chiefly  emitted.  In  the  laboratory  solid 
carbon  exhibits  the  highest  emissive  power.  A  stellar  stage  in  which 
nduttion  comes,  to  a  large  extent,  from  a  photosphere  of  the  solid  par- 
ticles of  this  substonce  would  be  favorable  for  great  brilliancy.  Though 
the  stars  are  bnjlt  up  of  matter  essentially  similar  to  that  of  the  sun,  it 
does  not  follow  that  the  proportion  of  the  different  elemeuto  is  every- 
nhesn  the  same.    It  may  be  that  the  substances  condensed  in  the  pho- 
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Let  ua  turn  aside  for  a  momeot  from  the  nebolte  in  the  sky  to  the 
conclnsions  to  which  philosophers  had  been  irresistibly  led  by  a  cou- 
sideration  of  the  features  of  the  solar  system.  We  have  before  oB  in 
the  sun  and  planets  obviously  not  a  haphazard  aggregation  of  bodies, 
but  a  system  resting  upon  a  multitude  of  relations  pointiDg  to  a  tM>m- 
mon  physical  cause.  From  these  considerations  Eant  and  Laplace 
formulated  the  nebular  hypothesis,  resting  it  on  gravitation  alone,  for 
at  that  time  the  science  of  the  conservation  of  energy  was  practically 
unknown.  These  philosophers  showed  how,  on  the  supposition  that 
the  space  now  occupied  by  the  solar  system  was  once  filled  by  a  vapor- 
ous mass,  the  formataou  of  the  sun  and  plaoets  coold  be  reasonably  ac- 
counted for. 

By  a  totally  different  method  of  reasoning,  modern  science  traces 
the  solar  system  backward  step  by  st«p  to  a  simlar  state  of  things  at 
the  beginning.  According  to  Helmholtz,  t)ie  sun's  heat  is  maintained 
by  the  contraction  of  his  mass,  at  the  rate  of  abont  220  feet  a  year. 
Whether  at  the  present  time  the  sun  is  getting  hotter  or  colder  we  do 
not  certainly  know.  We  can  reason  bac^  to  tjie  time  the  sun  was  suffi- 
ciently expanded  to  fill  the  whole  space  occupied  by  the  solar  syatem, 
and  was  reduced  to  a  great  glowing  nebula.  Though  man's  life,  the 
life  of  the  race  perhaps,  is  too  short  to  give  as  direct  evidence  of  any 
distinct  stages  of  so  august  a  process,  still  the  probability  is  great  th^ 
the  nebular  hypothesis,  especially  in  the  more  precise  form  given  to  it 
by  Roche,  does  represent  broadly,  notwithstanding  some  diffldolties, 
the  succession  of  events  through  which  thesnn  and  planets  havepassed. 

The  nebular  hj-pothesis  of  Laplace  requires  a  rotating  mass  of  fluid 
which  at  successive  epochs  became  unstable  &om  excess  of  motion,  and 
left  behind  rings,  or  more  probably  perhaps  lumps,  of  matter  from  the 
equatorial  regions. 

The  difficulties  to  which  I  have  referred  have  suggested  to  some 
thinkers  a  different  view  of  things,  according  to  which  it  is  not  neces- 
sary to  suppose  that  one  part  of  the  system  gravitationally  supports 
another.  The  whole  may  consist  of  a  congeries  of  discrete  bodies  even 
if  these  bodies  be  the  ultimate  molecnles  of  matter.  The  planets  may 
have  been  formed  by  the  gradual  accretion  of  snch  discrete  bodies.  On 
the  view  that  the  material  of  the  condensing  solar  system  consisted  of 
separate  particles  or  masses,  we  have  no  longer  the  fluid  pressure 
which  is  an  essential  part  of  Laplace's  theory.  Faye,  in  his  theory  of 
evolution  from  meteorites,  has  to  throw  over  this  fandamental  idea  of 
the  nebular  hypothesis,  and  be  formulates  instead  a  difierent  sncoes- 
sion  of  events,  in  which  the  outer  planets  were  formed  last;  a  theoiy 
which  has  difficulties  of  its  own. 

Prof.  George  Darwin  has  recently  shown,  from  an  investigation  of 
the  mechanical  conditions  of  a  swarm  of  meteorites,  that  on  certain 
assumptions  a  meteoric  swarm  might  behave  as  a  coarse  gas,  and  in 
this  way  bring  back  the  duid  pressure  exercised  by  one  inrt  of  the 
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Intern  oD  the  other,  which  in  required  by  Lapliive's  theory.  One  chief 
aHsnmptioD  consists  in  HiipposiDg  that  such  inelastic  bodieR  as  meteoric 
8t4Hie8  tniffbt  attain  the  effective  elasticity  of  a  high  order  which  is 
neceasaiy  to  the  theory  through  the  sudden  volatilization  of  a  part  of 
their  mass  at  an  encounter,  by  vbich  what  ia  virtually  a  violent  explo- 
sive is  intruducnl  between  the  two  colliding  st^mes.  Prof.  Darwin  is 
carefal  to  point  oat  that  it  mnsc  necesitarily  be  obscure  as  to  how  a 
siuall  mass  of  solid  matter  can  take  up  a  very  large  anionnt  of  energy 
ill  a  small  fraction  of  a  second. 

Any  direct  indications  from  the  heaveaH  themselves,  however  slight, 
are  of  so  great  value  that  1  should,  perhaps,  in  this  eonuectiou  call  at- 
tention to  a  recent  remarkable  photograi)h,  by  Mr.  Roberts,  of  the 
great  nebula  in  Andromeda.  On  this  plate  we  seem  to  hare  presented 
to  us  some  stage  of  cosmical  evolution  on  a  gigantic  scale.  The  photo- 
graph xhows  a  sort  of  whirlpool  disturbance  of  the  luminous  matter 
which  is  distributed  in  a  plane  inclined  to  the  line  of  sight,  in  which  a 
series  of  rings  of  bright  matter  separated  by  dark  spaces,  greatly  fore- 
shortened by  perspective,  surround  a  large,  undefined  central  mass. 
We  are  ignorant  of  the  parallax  of  this  nebula,  but  there  can  be  little 
donbt  that  we  are  looking  upon  a  system  very  remote,  and  therefore  of 
»m^^itnde  great  beyond  our  power  of  adequate  comprehension.  The 
matter  of  this  nebula,  in  whatever  state  it  may  be,  appears  to  be  dis- 
tributed, as  in  so  many  other  uebala^,  in  rings  or  spiral  streams,  and  to 
SDggest  a  stage  in  a  succession  of  evolutional  events  not  inconsistent 
with  that  which  the  nebular  hypothesis  requires.  To  liken  this  object 
more  directly  to  any  particular  stage  in  the  formation  of  the  solar  sys- 
tem would  be  "  to  compare  things  great  with  small,"  and  might  be  in- 
deed to  introduce  a  false  analogy;  but,  on  the  other  liand,  we  should 
err  through  an  excess  of  caution  if  we  did  not  accept  the  remarkable 
featares  brought  to  light  by  this  photograph  as  a  presumptive  indica- 
tioD  of  a  progress  of  events  in  cosmical  history  following  broadly  upon 
the  lines  of  Laplace's  theory. 

The  old  view  of  the  original  matter  of  the  nebula,  that  it  consisted 
of  a  "fiery  mist," 


fen  at  once  vith  the  rise  of  the  science  of  thermodynamics.  In  1854 
Helmholtz  showed  that  the  supposition  of  an  original  fiery  condition 
of  the  nebulous  stuff  was  unnecessary,  since  in  the  mutual  gravitation 
or  widely  separated  matter  we  have  a  store  nf  potential  energy  suffi- 
cient to  generate  the  high  temjwrature  of  the  sun  and  stars.  We  can 
scarcely  go  wrong  in  attributing  the  light  of  the  aebnlfe  to  the  conver- 
sioD  of  the  gravitational  energy  of  shrinkage  into  molecular  motion. 

the  idea  that  the  light  of  comets  and  of  nebiilie  may  be  due  to  a  sue- 
cessioa  of  ignited  fiashes  of  gas  from  the  encounters  of  meteoric  skmes  . 


88  CELESTIAL  SPECTROSCOPY. 

van  Bugg;este6  by  Prof.  Tait,  and  wan  bruught  to  the  iiotie«  of  this  Ab- 
sociatioii  in  1871  by  Sir  Williuni  Tboiiifion  in  liis  presideutial  address. 

Tbe  spectrum  of  the  bright-line  nebula'  i»  certainly  not  such  a  spec- 
trum as  we  sboutd  expect  from  tbe  flashing  by  i'ollisioos  of  meteorites 
similar  to  those  which  have  been  analyzed  in  our  laboratories.  The 
strongest  lines  of  the  substances  which  in  the  case  of  such  meteorites 
vould  lirst  show  themselves,  iron,  sodium,  magnesium,  nickel,  etc,  are 
not  those  which  distinguish  the  nebular  spectmm.  On  tbe  contrar)-, 
this  spectrum  is  clueflj  remarkable  for  a  few  brilliant  lines,  very  nar- 
row and  defined,  upon  a  background  of  a  faint  continuous  spectrom, 
which  contains  numerous  bright  lines,  and  probably  some  lines  of  ab- 
sorption. 

Tbe  two  most  conspicuous  lines  have  not  been  interpreted;  for 
though  tbe  second  line  falls  near,  it  is  not  coincident  with  a  strong 
double  line  of  iron.  It  is  hardly  necessary  to  say  that  though  the  near 
position  of  tbe  brightest  line  to  tbe  bright  double  line  of  nitrogen,  as 
seen  in  a  small  spectroscope  in  1864,  naturally  suggestetl  at  that  early 
time  the  jiossibility  of  the  presence  of  this  element  in  the  nebulie,  1 
have  been  careful  to  point  out,  to  prevent  misappreheusicm,  that  in 
more  recent  years  tbe  nitrogen  line  and  subsequently  a  leiwl  line  have 
beeu  employed  by  nie  solely  iis  fiducial  points  of  reference  in  the  spec- 
trum. 

Tlie  third  line  we  know  to  be  the  second  line  of  the  tirst  spectrum  of 
hydrogen.  Mr,  Keeler  has  seen  the  first  hydrogen  line  in  the  red,  and 
photographs  show  that  this  hydrogen  s^iei-trunt  is  pn>bably  present  in 
itM  complete  form,  or  nearly  so,  as  we  first  learnt  to  know  it  in  tbe  ab- 
sorption spectrum  of  the  white  stars. 

We  are  not  surprised  to  find  associated  with  it  tbe  line  Dj,  near  the 
position  of  the  absent  sodium  lines,  probably  due  to  the  atom  of  some 
unknown  gas,  which  in  the  suu  cnn  only  show  it«elf  in  the  outbursts 
of  highest  temperature,  aud  for  this  reswon  does  not  reveal  itself  by 
absorption  in  the  solar  spectrum. 

It  is  not  unreasonable  ttt  assume  that  the  two  brightest  lines,  which 
are  of  the  same  order,  are  produced  by  substances  of  a  similar  nature, 
in  which  a  vibratory  motiou  coiTesponding  to  a  very  high  temperature 
is  also  necessary.  These  substances,  as  well  as  that  represented  by 
tbe  line  Dj,  may  be  possibly  some  of  the  unknown  elements  which  are 
wanting  in  our  terrestrial  chemistry  between  hydrogen  and  lithium, 
nuless  indeed  Dj  he  on  the  lighter  side  of  hydrogen. 

In  the  laboratory  we  must  have  recourse  to  tbe  electric  discharge  to 
bring  out  the  spectrum  of  hydrogen;  but  in  a  vacuum  tube,  thoogh 
the  radiation  may  be  grent,  from  the  relative  fewness  of  the  luminous 
atoms  or  molecules  or  from  some  other  <^ause,  tbe  temperature  of  the 
gas  as  a  whole  may  be  low. 

On  account  of  the  large  estent  of  the  nebulw,  a  comparatively  smal 
number  of  luminous  molecules  or  atoms  would  probably  besoofficieat 
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to  make  tbe  nebalfe  as  bright  as  they  appear  to  us.  Ou  such  an 
AssnmptioQ  the  average  teuipemture  may  be  low,  but  the  individual 
particles,  which  by  their  encounters  are  lumiuous,  munt  have  motions 
corresponding  to  a  very  high  temperature,  and  in  this  sense  be 
extremely  hot. 

In  such  diffuse  masses,  from  the  great  mean  length  of  free  path,  the^ 
etHJOUuters  woidd  be  rare  bnt  correspondingly  violent,  and  tend  to  bring 
about  vibrations  of  comparatively  Hhort  period,  as  appears  to  be  the 
case  if  we  may  judge  by  the  great  relative  briglitDeas  of  the  more  refran- 
gible Unes  of  the  nebular  spectrum. 

Such  a  view  may,  perhaps,  reconcile  the  high  temperatnre,  which  the 
nebular  Hpectrum  undoubtedly  suggests,  with  the  much  lower  me^ 
temperature  of  the  gaseous  mass  which  we  should  expect  at  so  early  a 
stage  of  condensation,  unless  we  assume  a  very  enormous  mass,  or  that 
the  matter  coming  together  liad  previously  considerable  motion  or  con- 
siderable molecular  agitation. 

The  inquisitiveness  of  the  human  mind  does  not  allow  us  tu  remain  , 
content  with  the  interpretation  of  the  present  state  of  the  cosmical 
masses,  but  suggests  tlie  question — 

Whut  Bee'Ht  thou  el  HP 
In  tbu  dark  backniird  and  ubyam  of  timet 

What  was  the  original  state  of  thiugs  t  how  has  it  come  about  that  by 
the  side  of  aging  worlds  -vi9,  have  nebulie  in  a  relatively  younger  stagel 
Have  any  of  tlieiu  received  their  birth  from  dark  suns,  which  have  col- 
lided into  new  life,  and  so  belong  to  a  second  or  later  generation  of  the 
heavenly  bodiest 

During  the  short  historic  period,  indeed,  there  is  no  record  of  such  an 
event;  still  it  would  seem  to  be  only  through  the  collision  of  dark  suns, 
of  which  the  numl>er  must  be  increasing,  that  a  temporary  r^uve- 
uesceoce  of  the  heavens  is  possible,  and  by  such  ehbings  and  llowings 
of  stellar  life  that  the  inevitable  end  to  which  evolution  in  its  appar- 
ently aucompensated  progress  is  carrying  us  caii,  even  for  a  little,  be 
delayed. 

We  can  not  refuse  to  admit  as  possible  such  an  origin  for  nebula. 

In  considering,  however,  the  formation  of  the  existing  nebulaj  we 
mnst  bear  in  mind  that,  in  tlie  part  of  the  heavens  within  our  ken,  the 
stars  still  in  the  early  and  middle  stages  of  evolution  exceed  greatly  in 
nmnber  those  which  appear  to  be  in  an  advanced  condition  of  condens- 
ation. Indeed,  we  find  some  stars  which  may  be  regarded  as  not  far 
advanced  beyond  the  nebular  condition. 

It  may  be  that  the  cosmical  bodies  which  are  still  nebulous  owe  their 
later  development  to  some  conditions  of  the  part  of  space  where  they 
occur,  sncb  as,  conceivably,  a  greater  original  homogeneity,  in  conse- 
quence of  which  condensation  began  less  early.  In  other  parts  of  spar 
condensatioD  may  have  been  still  further  delayed,  or  even  haveaoijy  "^ 
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begun.  It  is  worthy  of  remark  that  these  uebnte  gronp  themselves 
abont  the  Milky  Way,  where  we  fttid  a  preponderance  of  the  whit«-8tar 
type  of  stars,  and  alinost  exclusively  the  bright-line  stars  which  Pick- 
ering associates  with  the  plauetaiy  nebabe.  Farther,  Dr.  Gill  con- 
cludes, fh>m  the  rapidity  with  which  they  impress  themselves  apoo  the 
plate,  that  the  fainter  stars  of  the  Milky  Way  also,  to  a  large  extent, 
belong  to  this  early  type  of  stars.  At  the  same  time  other  types  of 
stars  occur  also  over  this  region,  and  the  red  hydrocarbou  stars  are 
found  in  certain  parts;  but  possibly  these  stars  may  be  before  or  behind 
the  Milky  Way,  and  not  physically  connected  with  it. 

If  light  matter  be  suggested  by  the  spectrum  of  these-  nebulae,  it 
may  be  asked  further,  as  a  pure  speculation,  whether  in  them  we  are 
witnessing  possibly  a  later  condensation  of  the  light  matter  which  had 
beeu  left  behind,  at  least  in  a  relatively  greater  proportion,  after  the 
first  growth  of  worlds  into  which  the  heavier  matter  condensed,  thoDgh 
not  without  Bome  eutauglement  of  the  lighter  substances.  The  wide 
extent  and  great  diffuseness  of  this  bright-line  nebulosity  over  a  lai^ 
part  of  the  constellation  of  Oriou  may  be  regarded  perhaps  as  point- 
ing in  this  direction.  The  diffuse  nebulous  matter  streaming  round  the 
Pleiades  may  possibly  be  another  instance,  though  the  character  of  its 
spectmm  has  not  yet  been  ascertained. 

lu  the  planetary  uebulie,  as  a  rule,  there  is  a  sensible  increase  of  the 
faint  contiuuons  spectrnm,  as  well  as  a  slight  thickening  of  the  bright 
lines  toward  the  center  of  the  nebula,  appearances  which  are  in  fovor 
of  the  view  that  these  bodies  are  condensing  gaseous  masses. 

Prof.  G.  Darwin,  in  his  investigation  of  the  equilibrium  of  a  rotating 
mass  of  fluid,  found,  in  accordance  with  the  independent  researches  of 
Poiucar^,  that  when  a  portion  of  the  ceutnil  body  becomes  detached 
through  increttsing  angular  velocity,  the  portion  should  bear  a  far  larger 
ratio  to  the  reutainder  than  is  observed  in  the  planets  and  satellites  of 
the  i«w1ar  system,  even  taking  tuto  account  heten^enelty  from  the  con- 
densation of  the  parent  mass. 

Now  this  state  of  things,  in  which  the  masses  though  not  equal  are 
of  the  same  ortler.  does  stt'ni  to  prevail  iu  many  uebulie,  and  to  have 
given  birth  to  a  large  class  of  binary  stars.  Mr.  See  has  recently  in- 
vestigatetl  the  evolution  of  bodies  of  this  class,  and  points  out  their 
rmlical  ditlVrences  from  th*>  solar  system  in  the  relati\"ely  large  mass- 
nttitts  of  tho  c4>iuiM>nent  t>odies,  hk  well  ».«  in  the  high  eccentricities  of 
thoir  orbits,  brought  atMuit  by  tidal  frictiou.  which  would  play  a  more 
tni|Nvrtant  luirt  in  the  evolution  of  such  systems. 

iVmsidcring  the  large  uumlKT  of  these  boilies.  he  suggests  that  the 
«»»lat  system  should  {H'rhaiKi  no  Kuiger  be  rvgariled.  as  representing 
(^lestlal  oTOlutiou  in  its  noruutl  form — 

A  K'^xll.^  I'Hirnn'  ti>  «li.>s*  {wrfwt  moald 

IU-  t;>«l>toii.-.l  t\wta    -    -  — 

hN'tts  nitHlitltMl  by  eomlttiims  whieh  are  exreptiooaU'^i I C 
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It  may  well  be  tbat  iu  the  vei'y  early  stages  condensing  masses  are 
subject  to  very  differeiit  conditions,  and  tlint  condensation  may  not  al- 
ways begin  at  one  or  two  centers,  but  sometimes  set  in  at  a  large  num- 
ber of  points,  and  proceed  in  the  difi'ereut  cases  along  very  different 
lines  of  evolution. 

Invmble  Motions  revealed  by  the  Spectroscope. — Besides  its  more  direct 
nse  in  the  chemical  analysis  of  the  heavenly  bodies,  the  spectroscope 
has  given  to  us  a  great  and  unexpected  power  of  advance  along  the 
lines  of  the  older  astrnnomy.  In  the  fntiire  a  higher  value  may  indeed 
be  placed  upon  this  indirect  use  of  the  spectroscope  than  upon  its 
chemical  revelations. 

By  DO  direct  astronomical  methods  could  motions  of  approach  or  of 
recession  of  the  stars  be  even  detected,  much  less  could  they  be  meas- 
ored.  A  body  coming  directly  toward  us  or  going  directly  fkom  us  ap- 
pears to  stand  still.  In  the  case  of  the  stars  we  can  receive  no  assist- 
ance from  change  of  size  or  of  brightness.  The  stars  show  no  true 
disks  in  our  instruments,  and  the  nearest  of  them  is  so  far  off  that  if  it 
were  approaching  us  at  the  rate  of  a  liundred  miles  iu  a  second  of  time,  ^ 
awholecentnryof  such  rapid  approach  would  not  do  more  than  increase 
its  brightness  by  the  one-fortieth  part. 

Still  it  was  only  too  clear  that  so  long  as  we  were  unable  to  ascer- 
tain directly  those  components  of  the  stars'  motions  which  lie  in  the 
hne  of  sight,  the  speed  and  direction  of  the  solar  motion  in  space,  and 
many  of  the  great  problems  of  the  constitution  of  the  heavens,  must 
remain  more  or  less  imperfectly  known,  Now  the  spectroscope  has 
placed  in  our  hands  this  power,  which,  though  so  essential,  appeared 
ahnost  iu  the  nature  of  things  to  he  forever  beyond  our  grasp;  it 
enables  na  to  measure  directly,  and  under  favorable  circumstances  to 
within  a  mile  per  second,  or  even  less,  the  speed  of  approach  or  of  re- 
cession of  a  heavenly  body.  This  method  of  observation  has  the  great 
advantage  for  the  astronomer  of  being  independent  of  the  distance  of 
the  moving  body,  and  is  therefore  as  applicable  and  as  certain  m  tiie 
case  of  a  body  on  the  extreme  conflues  of  the  visible  universe  {so  long 
as  it  is  bright  enough),  as  in  the  case  uf  a  neighboring  planet. 

Dopplerhad  suggested  as  tax  back  as  1S41,  that  the  same  principle 
on  which  he  had  shown  that  a  sound  should  become  sharper  or  flatter 
if  there  were  an  approach  or  a  recession  between  the  ear  and  the  source 
of  the  sound,  would  apply  equally  to  light;  and  he  went  on  to  say  tbat 
the  difference  of  color  of  some  of  the  binary  stars  might  be  prwluced 
in  this  way  by  their  motions.  Doppler  was  right  in  that  the  principle 
IB  true  in  the  case  of  light,  but  he  was  wrong  in  the  particular  con- 
clusion which  he  drew  from  it.  Even  if  we  suppose  a  star  to  be  mov- 
ing with  a  sufficiently  enormous  veloirity  to  alter  sensibly  its  color  to 
the  eye,  no  such  change  would  actually  be  seen,  for  the  reason  that 
the  store  of  invisible  light  beyond  Iwth  limit.s  of  the  visible  »])ect^^^[^- 
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tbe  blue  and  the  red,  would  be  drawn  upon,  and  lightwaves  invisiUe 
to  us  would  be  exalted  or  degraded  so  as  to  take  the  place  of  those 
raised  or  lowered  iu  the  visible  region,  aud  the  color  of  the  star  would 
remain  unchanged.  About  eight  years  later,  Fizean  pointed  out  the 
iuiportauce  of  considering  the  individual  wave-lengths  of  which  white 
light  is  composed.  As  soon  however  as  we  had  learned  to  recognize 
the  lines  of  known  substances  in  tbe  spectra  of  the  heavenly  bodies, 
Doppler's  principle  became  applicable  as  the  basis  of  a  new  and  moat 
fruitfiil  method  of  investigatioD.  The  measurement  of  the  smaU  ehilt 
of  the  celestial  tines  ^m  their  true  positions,  as  shown  by  the  same 
lines  in  the  spectrnin  of  a  terrestrial  substance,  gives  to  ua  the  meani' 
of  ascertaining  directly  in  miles  per  second  the  speed  of  approach  ot 
of  recession  of  the  heavenly  body  from  which  the  light  has  come. 

Ad  account  of  the  Arst  application  of  this  method  of  research  to  tix 
stars,  which  was  made  in  my  observatory  iu  1868,  was  given  by  Sir 
Gabriel  Stokes  from  this  chair  at  the  meeting  at  Exeter  in  1869.  Tbe 
stelliu'  motions  determined  by  me  were  shortly  after  confirmed  by  Prof, 
Vogel  in  the  case  of  Sirius,  aud  in  the  ciise  of  other  stars  by  Mr. 
Christie,  now  ustrononier-royal,  at  Gi'eenwich;  but,  necessarily,  iu 
conset^uence  of  the  inadequacy  of  the  instruments  then  in  use  for  w 
delicate  an  inquiry,  the  amounts  of  these  motions  were  but  approximate. 

The  method  was  shortly  afterwards  taken  up  systematically  at  Greeu- 
wich  and  at  the  Rugby  Observatory.  It  is  to  be  greatly  regretted  that, 
for  some  reasons,  the  re-sutts  have  not  been  sufficiently  accordant  and 
m^cnnite  for  a  rcKcarch  of  such  exceptional  delicacy.  On  this  aooount 
probably,  as  well  as  that  the  spectrosco}>e  at  that  early  time  bad 
scari^ely  become  a  familiar  instrument  in  the  observatory,  astronomers 
were  slow  in  availing  themselves  of  this  new  aud  remarkable  power  of 
investigation.  That  this  t-ouiparative  neglect  of  so  truly  wonderfiil  •) 
method  of  ascertaining  what  was  otherwise  outside  our  [lowers  of  ob 
servatiou  has  greatly  retiirded  the  progress  of  astronomy  during  tbr 
last  fifteen  yejirs,  is  but  too  clearly  shown  by  thebriUiaut  results  whirl 
within  the  last  couple  of  years  have  followed  fast  upon  the  recent  mas- 
t^'.rly  application  of  this  method  by  photography  at  Potsdam,  and  by 
eye  with  the  iieedfnl  accuracy  at  the  Lick  Observatory,  At  last  this 
use  of  the  spectroscope  has  taken  its  true  place  as  one  of  the  most 
potent  nietho4l8  of  astronomical  research.  It  gives  us  the  motions  ot 
uppniach  and  of  recession,  not  in  angular  measures,  which  depeud  for 
their  translation  into  actual  velocities  upon  separate  determinations  ot 
liarallactic  displwemeuts,  bat  at  once  in  terrestrial  units  of  distance. 

This  method  of  work  will  doubtless  be  very  prominent  in  the  estion- 
omy  of  the  near  fliture,  and  to  it  probably  we  shall  have  to  look  for  tbe 
nmre  important  discoveries  in  sideral  astronomy  which  will  be  made 
during  the  coming  century. 

In  his  recent  ajiplicatioD  of  photography  to  this  method  of  detennin- 
ing  oeleatial  motions,  Prot  Vogel,  assisted  by  Dr.  Scheiner,  consider- 
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iDg  the  importance  of  obtainiog  the  apectram  of  as  mnny  starn  as  pos- 
sible on  an  extended  scale  without  an  exposure  ioconveDiently  long, 
Tiaely  determined  to  limit  the  part  of  the  spectrum  on  the  plate  to  the 
r^on  for  which  the  ordinary  silver-bromide  gelatine  plates  are  most 
sensitive, — namely,  to  a  small  distance  on  each  side  of  O, — and  to  em- 
ploy aa  the  line  of  compari-tou  the  hydrogen  line  near  <!,  and  recently 
also  certain  lines  of  iron.  The  most  minute  and  complete  mechanical 
urangemeots  were  provided  for  the  purpose  of  securing  the  absolute 
rigidity  of  the  comparison  spectrum  relatively  to  that  of  the  star,  and 
for  permitting  temperature  adjustments  and  other  necessary  ones  to  be 
made. 

The  perfection  of  these  spectra  is  shown  by  the  large  number  of  lines, 
110  fewer  that  two  hundred  and  fifty  in  the  case  of  Oapella,  within  the 
small  region  of  the  spectnim  on  the  plate.  Already  the  motions  of 
about  fifty  stars  have  been  measured  with  an  accuracy,  in  the  case  of 
the  larger  number  of  them,  of  about  an  English  mile  per  second. 

At  the  Lick  Observatory  it  has  been  shown  that  observations  can  be 
made  directly  by  eye  with  an  accuracy  equally  great.  Mr.  Keeler's 
brilliant  success  has  followed  in  great  measure  from  the  use  of  the  third 
and  fourth  spectra  of  a  grating  14,43S  lines  to  the  inch.  The  marvel- 
Ions  accuracy  attainable  in  his  hands  on  a  suitable  star  is  shown  by 
observations  on  three  nights  of  the  star  Arctunis,  the  largest  diverg- 
ence of  his  measures  being  not  greater  than  six-tentlis  of  a  mile  per 
secoad,  while  the  mean  of  the  three  nights*  work  agreed  with  the  mean 
of  Ave  photographic  determinatJons  of  the  sam^star  at  Potsdam  to 
mthin  one- tenth  of  an  English  mile.  These  are  determinations  of  the 
motions  of  a  sun  so  stupendously  remote  that  even  the  method  of 
parallax  practically  fails  to  fathom  the  depth  of  intervening  space,  and 
by  means  of  light- waves  which  have  been,  according  to  Elkin's  nominal 
[larallax,  nearly  two  hundred  years  upon  tbeir  journey. 

Mr.  Keeler,  with  his  magnificent  means,  has  accomplished  a  task 
which  I  attempted  in  vain  in  1874,  with  the  inmparatively  poor  appli- 
ances at  my  disposal,  of  measuring  the  motions  in  the  lineof  sight  of  some 
of  the  planetary  nebulie.  As  the  stars  have  <^onsiderable  motions  in 
space,  it  was  to  be  expected  that  nebula',  should  iM>ssess  similar  motions, 
for  the  stellar  motions  must  have  Iwlougetl  to  the  uebuhe  out  of  which 
they  have  been  evolved.  My  instrumental  means,  limiting  my  jiower 
of  detection  to  motions  greater  than  25  miltw  ]ier  second,  were  insuffi- 
cient. Mr.  Keeler  has  found  in  the  examination  of  tt'n  nebulie  motions 
varying  from  2  miles  to  27  miles,  with  one  exceptional  motion  of  nearly 
40  miles. 

For  the  nebula  of  Orion,  Mr.  Keeler  finds  a  motion  of  recession  of 
about  10  miles  a  second.  Kow,  this  motion  agrees  closely  with  what  it 
ahonld  appear  to  have  from  the  drift  of  the  solar  system  itself,  so  far 
aaithas  been  possible  at  present  to  ascertain  the  probable  velocity  o' 
the  Ban  in  space.    This  grand  nebula,  of  vast  extent  and  of  extr(Mi>^lC 


94  CELESTIAL  SPECTBOSCOPY. 

tenuity,  is  pobably  more  nearly  at  rest  relatively  to  the  stare  of  oar 
systfim  than  auy  other  celestial  object  we  know;  still  it  would  seem 
more  likely  that  even  here  wc  have  some  motion,  small  thoogh  it  may 
be,  than  that  the  motions  of  the  matter  of  which  it  is  formed  were  so 
absolutely  balanced  as  to  leave  this  nebula  in  the  uuiqne  i>OHitiou  of 
absolute  immobility  tu  the  midst  of  whirling  and  drifting  snns  aud  sys- 
tems of  snns. 

The  spectroscopic  method  of  determining  celestial  motions  in  the  line 
of  sight  has  recently  become  fruitful  in  a  new  but  not  altogether  unfore- 
seen direction,  for  it  has,  so  to  speak,  given  us  a  separating  power  far 
beyond  that  of  any  telescope  the  glassmaker  and  the  optician  conld 
construct,  and  so  enabled  us  to  penetrate  into  mysteries  hidden  in  stars 
apparently  single,  and  altogether  unsuspected  of  being  binary  systems. 
The  spectroscope  has  not  simply  added  to  the  list  of  the  known  binary 
stars,  but  has  given  to  us  for  the  first  time  a  knowledge  of  a  new  class  ! 
of  stellar  systems,  in  which  the  components  are  in  some  cases  of  nearly 
equal  magnitude,  and  in  close  proximity,  and  are  revolving  with  veloci.  j 
ties  greatly  exceeding  the  planetary  velocities  of  onr  system. 

The  E  line  in  the  photographs  of  Mizar,  taken  at  the  Harvard  Col- 
lege Observatory,  was  found  to  be  double  at  intervals  of  fifty-two  days,  i 
The  spectrum  wad  therefore  not  due  to  a  single  source  of  light,  but  to 
the  combined  effect  of  two  stars  moving  periodically  in  opposite  direc- 
tions in  the  line  of  sight.  It  is  obvious  that  if  two  stars  revolve  round 
their  common  centre  of  gravity  in  a  plane  not  perpendicular  to  the  line 
of  sight,  all  thehnes%  a  spectrum  common  to  the  two  stars  will  appear  j 
alternately  single  or  double.  , 

In  the  case  of  Mizar  and  the  other  stars  to  be  mentioned,  the  spec- 
troscopic observations  are  not  as  yet  extended  enough  to  furnish  more    . 
than  an  approximate  determination  of  the  elements  of  their  orbits.  ' 

Mizar  especially,  on  account  of  its  relatively  long  period — abont    | 
one  hundred  and  five  days — needs  further  observations.    The  two  stars 
are  moving  each  with  a  velocity  of  about  50  miles  a  second,  probably  in 
elliptieal  orbits,  and  are  about  143,000,000  miles  apart.    The  stars,  of    ; 
about  equal  brightness,  have  together  a  mass  abont  forty  times  as  great    I 

irvard  photo- 
Imost  exactly    ^ 
lys.    Accord-     '< 
f  of  nearly  70 
le  more  than 
A  of  thesmi.    ' 
lies  a  second,     i 
stars  of  this    I 
listance  with     l 
/-"-      the  greatest 
°'^"''"''^'^voiUdbeone 
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tvo-hundredth  part  of  a  secoml  of  arc,  and  therefore  very  far  too  small 
for  the  bigheat  powers  of  the  largest  telescopes.  If  we  take  the  rela- 
tion of  aperture  to  separatiag  power  usually  accepted,  aa  object  glass 
of  about  80  feet  in  diameter  would  be  needed  to  resolve  tliis  binary  star. 
The  spectroscope,  which  takes  uo  note  of  distance,  laagnilies,  so  to 
speak,  this  miuute  angular  separation  4,000  times;  in  other  words,  the 
doabling  of  the  lines,  which  is  the  phenomenon  that  we  have  to  observe, 
amounts  to  the  easily  measurable  quantity  of  20  seconds  of  arc. 

There  were  known,  indeed,  variable  stars  of  short  period,  which  it 
bad  been  suggested  might  be  explained  on  the  hypothesis  of  a  dark 
body  revolving  about  a  bright  sun  in  a  few  days,  but  tliis  theory  was 
met  by  the  objection  that  no  such  systems  of  closely  revolving  suna 
were  known  to  exist. 

The  Harvard  photographs  of  which  we  have  been  speaking  were 
taken  with  a  slttless  form  of  spectroscope,  the  prisms  being  placed,  as 
origiually  by  Fraunhofer,  before  the  object  glass  of  the  telescopa  This 
method,  thongh  it  possesses  some  advantages,  has  the  serious  draw- 
back of  not  permitting  a  direct  comparison  of  the  star's  spectrum  with 
terrestrial  spectra.  It  is  obviously  unsuitcd  to  a  variable  star  like 
Algol,  where  one  star  only  is  bright,  for  in  such  a  case  there  would  be 
no  doubling  of  the  hues,  but  only  a  small  shift  to  and  fro  of  the  lines 
of  the  bright  star  aa  it  moved  in  its  orbit  alternately  toward  and  from 
our  system,  which  would  need  for  its  detection  the  fiducial  positions  of 
terrestrial  lines  compared  directly  with  them. 

For  such  observations  the  Potsdam  spectograph  was  well  adapted. 
Pmf.  Yogel  found  that  the  bright  star  of  Algol  did  pulsate  backwards 
and  forwards  in  the  visual  direction  in  a  period  corresponding  to  the 
known  variation  of  its  light.  Tlie  explanation  which  had  been  sug- 
gested for  the  star's  variability,  that  it  was  partially  eclipsed  at  regu- 
lar intervals  of  68.8  hours  by  a  dark  companion  large  enough  to  cut  off 
nearly  five-sixths  of  its  Ught,  was  therefore  the  true  one.  The  dark 
comiianion,  no  longer  able  to  hide  itself  by  its  obscureness,  was  brought 
OBt  into  the  light  of  direct  observations  by  means  of  its  gravitational 
Bffects. 

Seventeen  hours  before  minimum,  Algol  is  receding  at  the  rate  of 
about  24J  mites  a  second,  while  seventeen  hours  after  minimum  it  is 
fonnd  to  be  approaching  with  a  speed  of  about  28^  miles.  From  these 
ihta,  together  with  those  of  the  variation  of  itH  light,  Yogel  found,  on 
the  assumption  that  both  stars  have  the  same  density,  that  the  com- 
puiioD,  nearly  as  large  as  the  sun,  but  with  about  one-fourth  his  mass, 
revolves  with  a  velocity  of  about  55  miles  a  second.  The  bright  star, 
ofabout  twice  the  size  and  mass,  moves  about  the  common  center  of 
gravity  with  the  speed  of  about  2C  miles  a  second.  The  system  of  the 
tvo  stars,  which  are  about  3,2.'>0,000  of  miles  apart,  considered  as  a 

vhole^is  approaching  us  with  a  velocity  of  3.4  miles  a  second.    Tl^|^> 

Rnat  difTerence  in  luminosity  of  the  two  stars,  not  less  than  fifty  tune^ 
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suggests  rather  that  they  are  id  difTerent  stages  of  condeDsation,  and 
dissimilar  iu  deusity. 

It  is  obvioa»  that  if  the  otbit  of  a  star  with  an  ol>scnre  companion  is 
inclinetl  to  the  line  of  sight,  the  coiapauiou  will  pass  above  or  belov 
the  bright  star,  and  produce  no  variation  of  its  light.  Such  syntems 
may  be  aumerous  in  the  heavens.  In  Vogers  photographs,  Spica,  whicb 
is  not  variable,  by  a  email  shifting  of  its  lines  reveals  a  backward  and 
forward  periodical  puletation  due  to  orbital  motion.  As  the  pair  whirl 
round  their  common  center  of  gravity,  the  bright  star  is  sometimes  ad- 
vancing, at  otliers  receding.  They  revolve  iu  about  four  days,  eacii 
star  moving  with  a  velocity  of  about  56  miles  asecond  in  an  orbit  prob- 
ably nearly  circular,  and  jmssess  a  combined  mass  of  rather  more  than 
two  and  a  half  times  that  of  the  sun.  Taking  the  most  probable  valae 
for  the  star's  parallax,  the  greatest  angular  separation  of  the  stars 
would  be  far  too  small  to  be  detected  with  the  most  powerful  telescopes. 

If  in  a  close  double  star  the  fainter  companion  is  of  tlie  white-star 
type,  wliile  the  bright  star  is  solar  in  character,  the  composite  spectmm 
would  be  solar  with  the  hydrogen  lines  unusually  strong.  Such  a  Bpec- 
trum  would  in  itself  afford  some  probability  of  a  double  origin,  and 
suggest  the  existence  of  a  companion  star. 

In  the  case  of  a  true  binary  star  the  orbital  motions  of  the  pair  would 
reveal  themselves  in  a  small  periodical  swaying  of  the  hydrogen  lines 
relatively  to  the  solar  ones. 

Prof.  Pickering  considers  that  his  photographs  show  ten  stars  with 
composite  s^iectra;  of  these,  five  are  known  to  be  double.  The  others 
are:  r  Persei, C  Aurigie,  rf  Sagittarii, 31  Ccti,  and  /?Capricomi.  Per- 
baps-/9  Lyriir  should  be  added  to  this  list. 

In  his  recent  classical  work  on  the  rotation  of  the  san,Dan4r  has  not 
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^rben,  iii  1839,  Arago, aDnonncing  txitlie  Acndt^miedc  Sciencestbe great 
Jiscovery  of  Niepce  and  Daguerre,  spoke  of  tlie  possibility  of  taking 
jiictmes  of  the  san  aud  moon  by  tli©  new  jtrooess,  yet  tbat  it  is  only 
1  Kitfaiii  a  few  years  tbnt  notable  advances  in  astronomical  methods  and 
I  discovery  have  been  made  by  its  aid. 

{  The  explanation  is  to  be  found  in  tbe  comparative  unsnitiibility  of 
I  ilie  earlier  photograpbic  methods  for  nse  in  the  observatory.  In  jus- 
'  lice  to  the  earlier  workers  in  astronomical  photography,  among  whom 
Kond,  De  la  Roe,  J.  W.  Draper,  Riitherfui'd,  Gould,  hold  a  foremost 
plare,  it  is  needful  to  state  clearly  that  tbe  recent  great  successes  in 
letronomicnl  photography  are  not  due  to  greater  skill,  nor,  to  any  g(reat 
etteut,  to  superior  instruments,  but  to  the  very  great  advantages  which 
Ibe  modern  gelatin  dry  plate  irossesses  for  use  in  the  obsei'vatory  over 
tbe  methods  of  Baguerre,  and  even  over  tbe  wet  collodion  film  on  glatjs, 
ithich,  though  a  great  advance  on  the  silver  plate,  went  bnt  a  little 
way  towards  putting  into  the  hands  of  the  astronomer  a  photogruhic 
nirlace  B4l»pted  fully  to  his  wants. 

The  modem  silver-bromide  gelatine  plate,  except  for  its  grained  tex- 
tore,  meets  theneeds  of  theastronomer  at  all  points.  It  [Hissesses  extreme 
sensitiveneHs;  it  ia  always  ready  for  use;  it  can  be  placed  in  any  posi- 
.  tinn;  it  can  be  exposed  for  hours;  lastly,  it  does  not  uced  immediate 
'  development,  and  for  this  reason  can  be  exposed  again  to  the  same 
object  on  sncceeding  nights,  so  as  to  make  up  by  several  installments, 
as  the  weather  may  permit,  the  total  time  of  exposure  which  is  deemed 
necessary. 

ifraphy,  however  greatly  the  resources 
[)tk-al  and  me<-baniral  difBculties  of 
astronomer  would  have  to  depend  in 
Tow  we  can  not  by  the  force  of  con- 
object  too  feebly  luminous  to  be  seen 
t  of  vision.  But  the  feeblest  light 
t  lost,  but  is  taken  in  and  stored  up 
tte  gathers  up  .l,!)^  times  the  light- 
he  first  second.  It  is  by  this  power 
riphic  plate  may  be  said  to  increase, 
)t  in  separating  power,  the  optical 
monier  for  the  discovery  or  the  obser- 

e  x>olnt«d  out  in  which  photograpliy 
uer.  It  enables  him  within  the  corn- 
exposure  to  secure  permanently  with 
ions  of  hundreds  or  even  of  thousands 
F  nebulie  or  other  objects,  or  the  phe- 
jsk  which  by  means  of  the  eye  and 
if  done  at  nil,  after  a  very  great  ex- 
Qtoprfti'liy  l>^tn  itr  in  tlie  powpf  of  the 
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astronomer  to  accomplish  in  the  short  spaa  of  hia  own  life,  aod  so 
enter  Into  their  fruition,  great  works  which  otherwise  must  have  been 
passed  od  by  him  as  a  heritage  of  labor  to  »acceediDg  geoeratioDs. 

The  second  great  service  which  photography  renders  is  not  simply 
an  aid  to  the  powers  the  astronomer  already  possesses.  On  the  con- 
trary, the  plate,  by  recording  light-waves  which  are  both  too  small 
and  too  large  to  excite  vision  in  the  eye,  brings  him  into  a  new  region 
of  knowledge,  such  as  the  infra-red  and  the  ultra-violet  parts  of  the 
spectrum,  which  most  have  remained  forever  anknown  bat  for  nrtiflcial 
help. 

The  present  year  will  be  memorable  in  astronomical  history  for  the 
practical  beginning  of  the  Photographic  Chart  and  Catalogue  of  the 
Heavens,  which  took  their  origin  in  an  international  conference  which 
met  in  Paris  in  1S6T,  by  the  invitation  of  M.  I'Amiral  Moucbez,  director 
of  the  Paris  Observatory. 

The  richness  in  stars  down  to  the  ninth  magnitude  of  the  pboto- 
graphs  of  the  comet  of  1882  taken  at  the  Cape  Observatory  under  the 
superintendence  of  Dr.  Gill,  and  the  remarkable  star  charts  of  the 
Brothers  Henry  which  followed  two  years  later,  astonished  the  astro- 
nomical world.  The  great  excellence  of  these  photographs,  which  was 
due  mainly  to  the  superiority  of  the  gelatine  plate,  suggested  to  these 
astronomers  a  complete  map  of  the  sky,  and  a  little  later  gave  birth 
in  the  mintls  of  the  Paris  astronouiern  to  the  grand  enter])rise  of  an 
International  Chart  of  the  Heavens.  The  actual  beginning  of  tlie 
work  this  year  is  in  no  Niiiall  degree  due  to  tlie  great  energy  and  tact 
with  which  the  director  of  the  Paris  Observatory  has  condacted  the 
initial  steps,  through  the  many  debcate  and  difficult  questions  which 
have  unavoidably  presented  themselves  in  an  nndertaking  which  de- 
pends upon  the  harmonious  working  in  common  of  many  nationalities, 
and  of  no  fewer  than  eighteen  observatories  in  all  parts  of  the  world. 
The  three  years  since  1887  have  not  been  too  long  for  the  detailed  or- 
ganization of  this  work,  which  has  called  for  several  elaborate  preUm- 
inary  investigations  on  special  points  in  which  our  knowledge  was  in- 
sufficient, and  which  have  been  ably  carried  out  by  Profe.  Vogel  and 
Bakhuyzeo,  Dr.  Tivpied,  Dr.  Scheiner,  Dr.  Gil),  the  astronomer-royal, 
and  others.  Time  also  was  required  for  the  construction  of  the  new 
and  special  instruments. 

The  decisions  of  the  conference  in  their  final  form  provide  for  the 
constniction  of  a  great  photographic  chart  of  the  heavens  with  expo- 
surfs  corresponding  to  forty  minutes' exposure  at  Paris,  which  it  is 
exp  cted  will  reach  down  to  stars  of  about  the  fourteenth  magnitude. 
As  each  plate  is  to  be  limited  to  4  square  degrees,  and  as  each  star,  to 
avoid  poasible  errors,  is  to  appear  on  two  plates,  over  22,000  photo- 
iQQired.  For  the  more  accurate  determination  of  the 
-  •-/seaw  with  lines  at  distances  of  5  millimeters 
npreseed  by  a  faint  light  upon  the  plate,  so 
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thftt  th«  image  of  tfae  reaeau  will  appear  together  with  the  images  of 
the  stArs  when  the  plate  is  developed.  Tfaia  great  work  will  be  divided 
according  to  their  latitudes  among  eighteen  observatories  provided 
with  similar  iDStnunents,  though  not  aecessarily  coQStracted  by  the 
same  maker.  Those  in  the  Britieh  dominioQB  and  at  Tacubaya  have 
been  constmcted  by  Sir  Howard  Gmbb, 

Besides  the  plates  to  form  tiie  great  chart,  a  second  set  of  plates  for 
a  catalogue  is  to  be  taken  with  a  shorter  exposare,  which  will  give 
stars  to  the  eleventh  magnitude  only.  These  plates,  by  a  recent  de- 
cision of  the  permanent  committee,  are  to  he  pashed  on  as  accurately 
ae  possible,  though  as  far  as  may  be  practicable  plates  for  the  chart 
an  to  be  taken  concurrently.  Photographing  the  plates  for  the  eata- 
ble is  bat  the  first  step  in  this  work,  and  only  supplies  the  data  for 
tlie  elaborate  measuremente  which  have  to  be  made,  which  are  how- 
ever less  laborious  than  would  be  required  for  a  similar  catalogue  with- 
ont  the  aid  of  photography. 

Already  Dr.  Gill  has  nearly  brought  to  conclusion,  with  the  assist- 
anoe  of  Prof.  Eapteyn,  a  preliminary  photograhic  survey  of  the  south- 
em  heavens. 

With  an  exposure  sufficiently  long  for  the  faintest  stars  to  impress 
themselves  upon  the  plate,  the  accumulating  action  still  goes  on  for 
the  brighter  stars,  producing  a  great  enlargement  of  their  images  from 
optical  and  photographic  causes.  The  question  has  occupied  the  atten- 
tion of  many  astronomers,  whether  it  is  possible  to  find  a  law  connect- 
ing the  diameters  of  these  more  or  less  over-exposed  images  with  the 
relative  brightness  of  the  stars  themselves.  The  answer  will  come  out 
undoubted  in  the  afitrmative,  though  at  present  the  empirical  formulae 
which  have  been  suggested  for  this  purpose  diflfer  &om  each  other. 
Capt.  Abuey  proposes  to  measure  the  total  photographic  action,  in- 
cluding density  as  well  as  size,  by  the  obstruction  which  the  stellar 
image  offers  to  light. 

A  further  question  follows  as  to  the  relation  which  the  photographic 
magnitudes  of  stars  bear  to  those  determined  by  eye.  Visual  magni- 
tudes are  the  physiological  expi-ession  of  the  eye's  integration  of  that 
part  of  the  star's  light  which  extends  from  the  red  to  the  blue.  Photo- 
graphic magnitudes  represent  the  plate's  integration  of  another  part  of 
the  star's  light,  namely,  from  a  little  below  where  the  power  of  the  eye 
leaves  off  in  the  blue  to  where  tlie  light  is  cut  ofiT  by  the  glass,  or  is 
greatly  reduced  by  want  of  proper  corrections  when  a  refracting  tele- 
scope is  used.  It  is  obvious  that  the  two  records  are  taken  by  different 
methods  in  dissimilar  units  of  difiereut  parts  of  the  star's  light.  In  the 
cue  of  certain  colored  stars  the  photographic  brightness  is  very  differ- 
ent from  the  visual  brightness;  but  in  all  stars,  changes,  especially  of 
a  temporary  character,  may  occur  in  the  photographic  or  the  visual 
region,  unaccompanied  by  a  similar  change  in  the  other  part  of  th^r  . 
WectnuD.    For  these  reaaous  it  would  seem  desirable  that  the  two  8ie«f> 
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tA  ma^ftiulM  fiboald  be  tabolated  indgpcadcntlr,  and  be  regarded  as 
mipffl«fn«ffltar}'  of  eaeb  nther. 

The  dfrtcrminatwfD  of  the  di*taii«s  of  tbe  fixed  stars  from  the  smidl 
apparent  ithift  nf  tbeir  positioDM.  whm  viewed  frmn  widely  separated 
p'witionM  <rf  the  earth  in  it«  orbit,  U  one  of  the  most  refined  operations 
4t(  the  obMrratMy.  The  great  preeiaion  with  which  this  mionte  aoga- 
lar  (inantit)' — a  fraction  of  a  second  only — ^has  to  be  measured,  is  so 
delicate  an  t^Mration  with  the  ordinary  mioometer,  thongh,  indeed,  it 
wan  with  this  instmment  that  the  classical  observatioiis  of  Sir  Bobeit 
Ball  were  made,  that  a  special  tnstmment,  in  which  the  measnres  sure 
mwle  liy  moving  the  two  halves  of  a  divided  object  glass,  bDOwn  as  a 
heliometer,  haa  been  pressed  into  this  service,  and  qnite  recently,  in 
the  skillful  bands  of  Dr.  Gill  and  Dr.  Elkio,  has  largely  increased  ow 
knowledge  in  this  direction. 

It  is  obvious  that  photography  might  be  here  of  great  service,  if  we 
eAtaUX  rely  niion  measarementa  of  photographs  of  the  same  stars  taken 
at  saitable  intervals  of  time.  Pro£  Pritchard,  to  whom  is  doe  the 
honor  of  having  opened  this  new  path,  aided  by  his  assistants,  has 
proved  by  elaborate  investigations  that  measures  for  parallax  may  be 
nafely  made  upon  photographic  plates,  with,  of  course,  the  atlvantages 
4;f  leisure  and  repetition;  and  he  has  already  by  this  method  determined 
the  parallax  for  twenty-one  stars  with  an  accuracy  not  inferior  to  that 
of  values  previously  obtained  by  purely  astronomical  methods. 

The  remarkable  successes  of  astronomical  photography,  which  de- 
pend u|>oti  the  plate's  power  of  accumulation  of  a  very  feeble  light  actr 
Ing  continuously  through  an  exposure  of  several  hours,  are  worthy  to  be 
regarded  as  a  new  revelation.  The  first  chapter  opened  when,  in  1880, 
Dr.  Ileury  Draper  obtained  a  picture  of  the  nebula  of  Orion;  but  a 
more  Important  advance  was  made  in  1883,  when  Dr.  Oommon,  by  his 
photographs,  brought  to  our  knowledge  details  and  extrusions  of  this 
uoliuli^  hitherto  unknown.  A  further  disclosure  took  place  in  1885, 
when  the  brothers  Ilenry  showed  for  the  first  time  in  great  detail  the 
spiral  nebulosity  issuing  from  the  brightntar  Mala  of  the  Pleiades,  and 
shortly  atterwnrtls  nebulous  streams  abont  the  other  stars  of  this  group. 
In  18Hf{  Mr.  ItolwrtH,  by  means  of  a  photograph  to  which  three  hours' 
exposure  had  been  given,  showed  the  whole  background  of  this  group 
to  bo  uebulons.  In  the  following  year  Mr.  Roberts  more  than  doubled 
for  us  the  great  extentiiou  of  the  nebular  region  which  sun-oonds  the 
tnti)eisinm  in  tlio  constellation  of  Orion.  By  bis  photographs  of  the 
great  nebula  iu  Amlronie<1a  he  has  shown  the  true  significMioe  of  the 
dark  ranals  which  had  been  seen  by  the  eye.  They  are  in  reality 
Rpaovt  between  successive  rings  of  bright  matter,  which  appeiued 
nnu-ly  straight  owing  to  the  inclination  in  which  they  He  relatively  to 
~*  ""'"se  bright  rings  suri-ound  an  undefined  ceatnd  huniiioas  mass. 
'««dy  spoken  of  this  photograph. 
MDt  pbott^rapba  by  Ur,  Bqssell  abov  tttatttra  gi^  rift  iu 
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the  Uilky  Way  in  Ar^B,  vbicb  to  tbe  eye  ia  void  of  stars,  is  iu  reality 
uniformily  covered  with  them.  Also,  <]iiite  recently,  Mr.  George  Hal« 
has  photographed  the  promineuces  by  means  of  a  grating,  making  nse. 
nfthe  lines  H  and  K. 

Stellar  distributions. — The  heavens,  are  richly  but  very  irregnlarly 
iuwrougbt  with  stars,  the  brighter  stitru  cluster  into  well-known  groups 
upon  a  background  formed  of  an  enlacenieiit  of  streams  and  eonvobited 
windings  and  intertwined  spirals  of  fainter  stars,  which  becomes  richer 
and  more  intricate  in  the  irregular  rifted  zone  of  the  Milky  Way. 

We,  who  form  part  of  the  emblazonry,  can  only  see  the  design  dis- 
torted and  confused;  here  crowded,  there  scattered,  at  another  place 
KQperposed.  The  groupings  due  to  our  position  are  mixed  up  with 
those  which  are  real. 

Can  we  suppose  that  each  luminous  point  has  no  relation  to  the  others 
Dear  it  than  the  accidental  neighborship  of  grains  of  sand  upon  the 
shore,  or  of  particles  of  the  wind-blown  dust  of  the  desertT  Surely 
every  star,  flroni  Sirins  and  Vega  down  to  each  grain  of  the  light  dust 
of  the  Milky  Way,  has  its  present  place  in  the  heavenly  pattern  from 
the  slow  evolving  of  its  past.  We  see  a  system  of  systems,  for  the 
broad  features  of  clusters  and  streams  and  spiral  windings  which  mark 
the  general  design  are  re- produced  in  every  part.  The  whole  is  in  motion, 
each  ])oint  shifting  ita  position  by  miles  every  second,  though  from  the 
aDjTQst  magnitude  of  their  distances  from  us  and  from  each  other,  it  is 
only  by  the  accumulated  movements  of  years  or  of  generations  that 
HHne  small  changes  of  relative  position  reveal  themselves. 

The  deciphering  of  this  wonderfully  intricate  constitution  of  the 
heavens  will  he  undoubtedly  one  of  the  chief  astronomica]  works  of 
the  coming  century.  The  primary  task  of  the  sun's  motion  in  space, 
together  with  the  motions  of  the  brighter  stars,  has  been  already  put 
well  within  onr  reach  by  the  spectroscopic  method  of  the  measurement 
of  star  motions  in  the  line  of  sight. 

I'roni  other  directions  information  is  accumnlating;  from  photo- 
graphs of  clusters  and  parts  of  the  Milky  Way,  by  Roberts,  in  this 
conntry,  Barnard,  at  the  Lick  Observatory,  and  Bussell,  at  Sydney; 
from  the  counting  of  stars,  and  the  detection  of  their  configurations 
by  Holden  and  by  Backhouse;  from  the  mapping  of  the  Milky  Way  by 
eyv,  at  Parsonstown;  from  photographs  of  the  spectra  of  stars,  by  Pick- 
ering at  Harvard  and  in  Peru,  and  from  the  exact  portraiture  of  the 
heavens  in  the  great  international  star  chart  which  begins  this  year. 

I  have  but  touched  some  only  of  the  ])roblem8  of  the  newer  side  of 
astronomy.  There  are  many  others  which  would  claim  our  attention  if 
time  permitted.  The  researches  of  the  Earl  of  Boese  on  lunar  radia- 
tion, and  the  work  on  the  same  subject  and  on  the  sun,  by  Langley.  r 
Observations  of  lunar  heat  with  an  instnmient  of  his  own  invention 
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by  Mr.  Boys;  and  observationn  of  tlie  variation  of  tlic  moon's  heat 
with  its  phaBe  by  Mr.  Frank  Very.  The  discovery  of  the  ultra-violet 
part  of  the  hydrogen  spectrum,  not  in  the  laboratory,  but  from  tli« 
stars.  The  eonflrmation  of  this  spectrum  by  terrestrial  hydrogen  in 
part  by  H.  W.  Yogel,  and  in  it8  all  but  complete  form  by  Coma,  wiiii 
found  similar  series  in  the  ultra-violet  spe^'tra  of  aluminium  and  thnl- 
liuiii.  The  discovery  of  a  simple  formula  for  the  hydrogen  series  by 
Balnier.  The  important  question  as  to  the  numerical  spectral  relatioD- 
ship  of  different  substances,  especially  iu  connection  with  their  <;bem- 
iciil  pn)pertie8;  and  the  ftirther  question  as  to  the  origin  of  the  har- 
monic and  other  relations  between  the  lines  and  the  groupings  of  lines 
of  spectra;  ou  these  points  contributions  during  the  past  year  have 
been  made  by  Endolf  v.  Kiivesligethy,  Ames,  Hartley,  Deslandres, 
Bydberg,  GrUnwald,  Kayser  and  Bunge,  Johnstone  Stoney,  and  otberti. 
The  remarkable  employment  of  interference  pbeoomeoa  by  Prof,  Mich- 
elsou  for  the  determination  of  the  size,  and  distribution  of  light  within 
them,  of  the  images  of  objects  which  when  viewed  in  a  telescope  mb- 
tend  an  angle  less  than  that  subtended  by  the  light  wave  at  a  distance 
equal  to  the  diameter  of  the  objective.  A  method  applicable  not  alone 
to  celestial  objects,  but  also  to  spectral  lines,  and  other  questions  of 
nioletrular  physics. 

Along  the  older  lines  there  has  not  been  less  activity;  by  newer 
metbmis,  by  the  aid  of  larger  or  more  accurately  constructed  iiistrii- 
menta,  by  greater  i-efinement  of  analysis,  knowledge  has  been  increased, 
esi>ecially  in  precision  and  minute  exactness. 

Astronomy,  the  oldest  of  the  sciences,  has  more  than  renewed  her 
youth.  At  no  time  in  the  past  has  she  been  so  bright  with  unbounded 
aspirations  and  hopes.  Kever  were  her  temples  so  numerous  nor  the 
crowd  of  her  votaries  so  great.  The  British  Astrouomical  Association 
formed  within  the  year  numbers  already  about  600  members.  Happy 
is  the  lot  of  those  who  are  still  on  the  eastern  side  of  life's  meridian. 

Already,  alas!  the  original  founders  of  the  newer  methods  are  felling 
out — Kirchhoff,  Angstriim,  D'Arrest,  Secchi,  Draper,  Becquerel;  but 
their  places  are  more  than  filled;  the  pace  of  the  race  is  gaining,  but 
the  goal  is  not  and  never  will  be  in  sight. 

Since  the  time  of  Newton  our  knowledge  of  the  phenomena  of  nature 
has  wonderfully  increased,  but  man  asks,  perhaps  more  earnestly  now    I 
than  in  bis  days,  What  is  the  ultimate  reality  behind  the  reality  of  the 
iwrceptionst    Are  they  only  the  pebbles  of  the  beach  with  which  we 
have  been  playingt    Does  not  the  oceau  of  ultimate  reality  and  truth    . 
lie  beyond ! 
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BV  MEANS  OF  PHtnTRiRAI'HlU  STAR  UAUGmO." 


By  AONEK  M.  t 'LERKB. 


The  mere  equal-surface  coutitiug  of  tbe  stara  visible  with  tlie  Bttme 
mfltrament  in  diCfereut  sections  of  the  sky  gives  renuItB  oi)eu  to  niis-in- 
terpretatioo.  Admirable  ia  itself,  tbe  method  fails  becaase  it  encoun- 
ters what  we  may  call  "systeiuatit;  errors"  in  the  distributiou  of  tbe 
stars.  With  iDcidental  anouuilies  it  iB  fully  competent  to  deal;  they 
should,  on  a  large  average,  be  mutually  ooiapeiisutory ;  but  it  breaks 
dowii  before  the  clustering  tendency  which  i>ervades,  more  or  less  mark- 
edly, the  entire  sidereal  system.  Not  only  are  certain  parts  of  space 
more  crowded  than  others,  but  tbe  crowded  parte  are  related  according 
t«  an  obvioos  plan.  They  do  not  occur  casually.  Their  effect  is  then 
heightened,  instead  of  being  eliminated,  by  multiplied  observations. 

The  present  resources  of  science,  however,  seem  to  offer  the  means  of 
diHcrimi Rating,  to  some  extent,  between  real  crowding  and  the  simple 
extent  of  etar-strewu  space.  Although  the  total  number  of  the  stars  vis- 
ible in  each  case  with  the  same  telescope  might  be  precisely  the  same, 
their  relative  numbers,  counted  by  magnitudes,  would  in  all  x>robability 
bevery  different.  In  a  stratum,  supposing  the  distribution  of  the  stars 
eqnable  and  their  size  uniform,  their  numbers  should  be  nearly  quad- 
mpled  at  each  descent  of  a  magnitude.  This,  of  course,  is  an  ideal 
law  of  progression  which  we  can  not  expect  to  find  anywhere  strictly 
obeyed;  bnt even  approximate  conformity  to  it  must  be  held  to  indicate 
vith  tolerable  certainty  that  the  lessening  ranks  of  the  stars  are,  on 
tbe  whole,  at  distances  from  us  corresponding  with  their  light.  If  ow  It 
« approximately  conformed  to  by  the  stellar  multitude  down  to  the  8.9 
magnitude  over  the  general  expanse  of  the  n^y, :»  well  as  over  the  zone 
of  theHilky  Way.  Butin  that  zone  stars  of  the  ninth  and  higher  mag- 
nitudeevery  much  exceed  their  due  numerical  proportions;  in  other 
words,  they  are  physically,  no  less  than  optically,  condensed. 

From  these  circnmstances  two  very  important  inferences  may  be  de- 
rived: First,  that  the  lower  margin  of  the  galactic  aggregations  lies  at 
a  distance  from  us  corresponding  roughly  to  the  mean  distance  of  a 
ninth  mt^nitade  star,  costing  light  some  fourteen  hundred  years  of 
travel;  next,  that  the  aggregated  objects  are  average  stars,  neither 
*  From  Aa(uic,  AiijfUBt  «,  188!),  val.  XL,  pp.  SU-Wfi.     ■       ^lOO^Tc 
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larger  uoi-  smaller  than  those  in  our  nearer  neighborhood.  Both  con-  j 
elasious  seem  iuevibable  sliould  the  toKtu  turn  out,  on  closer  investi^ 
tiou,  to  be  as  above  stated.  A  regular  increase  in  the  uumbera  of  tbe 
successive  photometric  orders  of  stars,  tallying  with  the  increased  cub- 
ical contents  of  the  successive  spheres  of  which  the  radii  are  the  theo- 
retical mean  distances  of  those  same  orders,  affords  strong,  if  not  de- 
monstrative, evidence  of  a  corresponding  real  penetration  of  space.* 
And  since  the  sequence  continues  unbroken  down  just  to  the  ninth 
magnitude,  we  see  that  the  galactic  condensations  of  ninth  maguitiide 
stars  can  not  be  situated  nearer  to  us  than  their  brightness  would  \vqA 
us  to  suppose — cau  not,  in  other  words,  be  stars  on  a  lower  than  tbi- 
ordinary  level  of  luster. 

It  is  tolerably  certain  however  that  the  denser  star  clouds  of  tk 
MUky  Way  lie  far  beyond  ninth  magnitude  distance.  The  ground  for 
this  assertion  is  not  the  apparent  minutenesa  of  their  components,  bnt 
the  singular  fact,  adverted  to  by  Argelauder,  that,  in  the  divided  Milk}' 
Way,  running  from  Cyguus  to  the  Oentaur,  the  shining  branches  art 
nearly  on  a  par  with  the  dark  rift  separating  them  as  regards  the  dis- 
tribution of  stars  even  fainter  than  the  ninth  magnitude.  The  nebn- 
lous  effect  to  the  eye  distingnishiug  the  branches  is  then  presuniably 
due  to  more  remote  collections.  As  to  the  further  limits  of  these  we 
kaow  as  yet  nothing,  except  that  Ilerschel's  gange  numbers  left  it  to 
be  inferred  that  "  thinning-out "  had  become  marked  before  the  atbun- 
meut  of  fourteenth  magnitude  <listauce.  On  these  and  similar  snbjeclK 
enlightenment  may  be  hoped  for  through  the  Judicious  ase  of  means 
already  at  hand.  I 

For  simple  star-counts,  we  have  only  to  substitute  star-counts  by  | 
magnitudes  over  selected  areas  of  the  sky.f  The  relative  numt>ers  of 
the  photometric  ranks  can  hardly  fail  to  give  highly  valuable  indica 
tioQs  as  to  real  distribution;  provide<l  only  that  the  assumption  of  3 
general  uniformity  in  the  brightness  of  the  stars  be  valid.  Not  (it  need 
scarcely  be  said)  of  a  uniformity  such  as  to  preclude  any  extent  of  in- 
dividual variety;  all  that  need  be  supjjosed  is  that  the  average  siwof 
a  star  remains  constant  throughout  sidereal  spiute.  This  hypothesis 
has  for  more  probability  in  its  favor  than  any  other  which  could  be  set 
up  instead  of  it;  though  it  may  receive  corrections  us  our  iuqniries  ad-   i 

The  photometric  classification  of  small  stars  is  one  of  the  muij   , 
branches  of  sidereal  science  wliich  will  henceforth  be  prosecuted  only 
with  the  assistance  of  the  camera.     Visual  methods  are  inadequate  and 
insecure.    Those  by  photography,  it  is  true,  have  also  their  difficulties, 

'  The  idea  of  dutermiDiDt;  tlistani^o  by  distribution  xeema  to  have  presented  iU*" 
to  Dr.  Coald  in  1874.     See  AmerieaB  Journal  of  Science,  vol.  vui. 

tThia  plan  wa«  fiiHt  Buggeated  by  Prof.  Holden  iu  lS83,a8  amodeof  inveatigstiiig 
tbu  compoeitioD  of  Btar-groapinga  ("Washburn  Piiblicatiouii,"  vol.  ii,  p-  D^)- 
Counta  with  varied  telescopic  upertiiTeH  guvo  him  t lie  iiiimbers  in  tbe  encoaMiTe 
photometric  raoka.  We  believe  tbut  a  pliutngrapbic  method  of  determining  then 
has  8inc«  buen  adopted  by  him, 
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not  yet  completely  vanquished;  tliey  will,  however,  evideatly  prove 
maDageable.  Prof.  Fickeriug  is  tentatively  estAblishiDg  methods  in 
photographic  i>hotonietry  which  will  doubtless  before  long  be  broaght 
to  perfectioD.  They  depend  mainly  npon  comparisons  of  stellar  im- 
pressions npon  aDy  given  plate,  exposed  iiDder  known  conditions,  with 
standard  impressions  of  standard  stars  obtained  with  varied  esijosnres 
or  apertares.  For  the  purpose  we  have  in  view,  accidental  errors  of 
estimation,  even  if  very  large  in  amount,  are  of  no  importance.  What 
i»  essential  is  that  the  iiite^ty  of  the  series  shoahl  be  preserved — that 
the  proportionate  change  of  light  from  one  magnitude  to  the  next  should 
remain  invariable  from  the  first  term  to  the  last.  The  realization  of 
tliia  aim,  now  virtually  attained,  is  one  of  the  most  weighty  services 
rendered  to  astronomy  by  the  sensitive  plate. 

We  may  now  describe  the  process  of  photographic  star-ganging.  It 
consists  ill  the  enumeration,  by  magnitudes  or  half  magnitudes,  of  the 
stars  down,  say,  to  the  fifteenth  magnitnde,  self-pictnred  from  distinct- 
ively sitaat«d  patches  of  the  sky.  Each  sDcb  area  should  be  wide 
enough  to  insure  the  elimination  of  minor  irregularities  in  distribution ; 
bnt  a  single  large  field  would  often  suffice  to  show  the  characteristic 
grouping  of  the  smaller  telescopic  stars. 

The  Milky  Way  would  naturally  be  the  first  subject  of  inquiry;  and 
the  comparison  of  several  plates  taken  in  different  sections  of  its  course 
might  be  expected  to  yield  data  of  great  significance  as  regards  its 
tonstitntion.  From  simply  calling  over  the  must«r-rolI  by  orders  of 
brightness  of  the  stars  contained  in  them,  answers  may  be  derived  to 
the  foUowing  questions: 

(1)  How  far  does  the  regular  sequence  of  increasing  numbers  extendf 
That  is,  down  to  what  grade  of  brightness  do  the  stars  continue  nearly 
to  quadruple  with  each  additional  magnitudel 

(2)  Is  the  progression  interrupted  by  defector  excess,  or  by  each  alter- 
natelyl  In  other  words,  does  the  stellar  system  embrace  systematic 
vacancies  as  well  as  systematic  groupings  T 

(3)  Supposing  an  accoraulation  of  stars  to  set  in  at  a  definite  stage  of 
space-penetration,  where  does  it  stopi  Down  to  what  magnitude  is 
the  augmented  ratio  of  increase  maintained) 

(4)  Are  there  Nymptoms  of  approaching  total  exhaustion  of  the  stel- 
lar supplies  beyond  1 

These  should  be  found  in  a  concurrent  decrease  of  density  with 
briKhtnesH,  "  density  "  being  understood  as  the  proportion  of  the  num- 
bers present  to  the  space  theoreticnily  available  for  stars  of  a  given 
magnitude.  For  one  of  two  things  seems  certain :  either  the  thinning 
fringe  of  stars  is  composed  of  really  small  objects  intersi>ersed  among 
larger  ones,  or  of  average  stars  at  average  distances  fh>m  ns,  but  fur- 
ther and  further  apart  from  eiAth  other.     In  the  first  case  the  system 


ends  abruptly;  in  the  second,  it  is,  as  it  were,  shielded  by  outliers  froi 
the  absolute  void.  '  '  >  '^^OOJ 


om 


i*3u%Uraiar  atuxxiaa  dtwald  be  joid  bt  The  difiEreoces  of  stellar  dis-   ^ 
fjibatioo  njiuu  piaU^  of  Hm-  Ifiltr  Wav  i«>(^Kr,  aod  of  tlie  dark  aper- 
ture U^w«eu  it»  <-lu\eo  ]«urtiuu»^    That  tliif  reaflr  fonns  an  integral   i 
|Mrt  of  tlte  galaxy  i•^  sbon  br  tbe  lar  greater  |a«ftiaon  of  small  Htars  i 
tlwfre  titan  in  th*'  {reutTitl  Kky  at  tbe  <mi1*t  BarginB  of  the  galactic 
braiK-ttes — a  tact  iu  itM^lf  fatal  to  tlK--qiiral  fbeory,*' by  wliich  tlie 
rift  waM  lateepreUfd  a>:  a  eliink  of  orditury  skr-tiackgroaud  left  by  tbe 
■Mt«iiaii-iug.  to  the  ey*-.  of  tvo  great  streasMi  of  stars,  one  indefinitely 
wore  rfumte  than  tb^  other.     From  pbotogr^hs  we  may  now  lio|>e  to   j 
leant  what  ir^  tJie  uatore  of  tbe  distjut-ttoo  betwem  rift  and  branches—  | 
vhat  !trv  tbe  iuaguitade&.  relative  unmbers.  and  presumable  mean  dis-  | 
tani-eti,  <tf  the  Mastering  etars  present  in  the  latter,  bat  absent  from   ' 
6urm*ie.  | 

<iaiigeK  taken  in  the  neighborhood  of  the  eoathem-'eoal-8aek"  ought  I 
to  prove  iostroctive  ah  to  the  natnre  of  the  neboloos  stratam  ont  of 
which  it  neema  as  if  aeooped.  If  tbe  Milky  Way  be  there  ehaUoKer 
than  elxewbere,  a  greater  oniformity  of  lustre  may  be  looked  for  among 
tbe  Ktam  comiMwing  it.  No  background  profrisely  stored  with  lesseo- 
tag  nuks  will  come  into  view,  and  stars  below  the  average  of  those 
grou|)ed  in  bright  masses,  representing  tbeir  genoioe  eooipaaions,  will 
be  but  scantily  present. 

Outside  tbe  milky  way,  two  points  suggest  themselves  as  likely  to  be 
Nettled  by  photographic  gauges.  Argelander  found  that  the  faintest 
Klars  in  tbe  IhirchmvMterung  were  everywhere  in  excess  of  their  due 
projwrtion.*  Even  at  tbe  galactic  pole,  tbeir  increase,  as  compared 
with  the  cUhh  next  below,  was  sextuple  instead  of  quadruple;  in  tbe 
uudivided  galactic  stream  it  wa£  nine  and  a  half,  in  the  rift  eight  aud 
a  half  times.  If  this  semblance  of  crowding  in  all  directions  at  aboat 
the  itican  diHtance  of  a  ninth  magnitude  star  be  no  accident  of  enumera- 
tion, then  the  milky  way  is  only  the  enhancement  of  a  phenomenon 
universally  present,  and  the  thndamental  plan  of  tbe  sidereal  system 
must  t>e  regarded  as  that  of  a  sphere  with  superficial  condensation  in- 
tcuHified  ID  an  eqoatorial  ring,  Tbe  county  to  settle  this  question,  will 
have  to  extend  over  a  considerable  area. 

The  second  point  for  photographic  investigation  refers  to  tbe  limits  I 
of  tbe  system  towards  tbe  galactic  poles.  There  is  reason  to  believe 
them  comparatively  restricted.  M.  Celoria,  of  tbe  Milan  obser^'atoi;, 
using  a  refractor  capable  at  tbe  utmost  of  showing  starsof  eleventh  mag- 
nitude, obtained  for  a  '*  mean  soonding,''  at  the  north  pole  of  the  milky 
vay,  almost  identically  the  same  number  given  by  Herschel's  great  re- 
fle<-tor.t  That  is  to  say,  no  additional  stars  were  revealed  by  the  larger 
iuRtrament.  Should  this  evidence  be  confirmed,  the  boundary  of  the 
stellar  scheme  should  here  be  placed  at  a  maximum  remoteness  of  3,W0 
years  of  light  travel. 

■  floBiitr  UtobachlUHffen.  Bd.  v,  " Einloit ung."  ^ )OQ  Ic  i 

I  Menorie  deiP  InatUuto  Lombardo,  t.  Xiv,  p.  8G.        "^  I 
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As  a  specimen  of  a  photographic  gauge-field  on  a  small  scale,  vemay 
take  Prof.  Pickering's  catalogue,  ttom  the  Harvard  plates,  of  947  stars 
within  1'^  of  the  north  celestial  pole.*  The  region  examined  lies  about 
27'^  from  the  zone  of  the  Milky  Way,  but  is  nearly  reached  by  a  faint 
extension  from  it.  Since  only  one  eighth  magnitude  star,  and  none 
brighter,  are  included  in  it,  the  study  of  distribution,  for  which  it  offers 
gome  materials,  may  be  said  to  begin  with  the  Dinth  magnitude.  A 
single  glance  at  the  synoptical  table  uuffices  to  show  that  the  numerical 
representation  of  the  higher  magnitudes  is  Inadequate.  The  small 
stars  are  overwbelmiDgly  too  few  for  the  space  they  must  occupy  if  of 
average  brightness;  andtheyare  too  few  in  acoustantly  increasing  ratio. 
Either,  then,  the  diminishing  orders  form  piirt  of  a  heterogeneous  col- 
lection of  stars  of  all  sizes  at  nearly  the  same  distance  from  us  about 


■Pefu^ifa, 


a  d[  SM  >t«n  wlthia  1°  ut  the  pol«,  afauwiDf;  tbe  ratio  of  Diunben  to  space  ror  ei 


that  corresponding  to  ninth  magnitude),  or  they  belong  to  attenuated 
atar-layers  stretching  to  a  much  vaster  distance.  A  criterion  toigbt  be 
supplied  by  Prof.  Holden's  plant  of  charting  separately  stars  of  succes- 
Bire  magnitudes  over  the  same  area,  and  judging  of  their  connection  or 
diMonoectioD  by  the  agreement  or  disagreement  in  tlie  forms  of  their 
groupings. 

The  accompanyiug  diagram  shows  graphically  the  decrease  of  density 
outward,  deducible  from  Prof.  Pickering's  ntimbers  on  the  sole  snppo- 


*  Harvard  Annali,  vol.  xvill,  p.  138. 

t  RACommended  ia  tbe  Centurg  Maoaiiite  for  Sept«iiibc<r,  1888,  as  n 
botn  Pobllcatioos,"  vol.  ii,  p.  113. 
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sitton  of  the  equal  average  liistor  of  caeh  clasa  of  Btars.  Those  of  tbe 
ninth  are  the  most  closely  scattered.  TUe  intervals  between  star  aiid 
Btnr  widen  rapidly  and  coDtiououttly  (for  the  sudden  dtp  at  9-5  magni- 
tude is  evidently  accidental)  down  to  11.5  magnitude,  when  a  slight  re 
covery,  lasting  to  the  thirteenth  magnitude,  sets  in.  How  far  Uief^ 
changes  are  of  a  syntematic  character  can  only  be  decided  from  tai 
wider  surveys. 
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By  Agnes  M.  Clebke. 


Science  needed  two  thousand  years  to  disentangle  tbe  earth's  orbital 
movement  from  tbe  revolutions  of  the  other  planets,  and  tbe  incompar- 
ably more  ardaons  problem  of  distin^ishing  the  solar  share  in  tbe 
iDofhsed  mnltitnde  of  stellar  diBplacementn  first  presented  itself  as 
poggibly  tractable,  little  more  than  a  centnry  ago.  In  the  lack  as  yet  of 
a  definite  solation  for  it,  there  is  then  no  ground  for  surprise,  bat  mnch 
foT  Bstisfaction  in  tbe  large  measure  of  siieceRs  attending  the  strennons 
attacks  of  which  it  has  so  often  been  made  tlie  object. 

Approximately  correct  knowledge  as  to  the  direction  and  velocity  of 
the  san's  translation  is  indispensable  to  a  profitable  study  of  sidereal 
coDstmction ;  bot  apart  from  some  acquaintance  with  the  nature  of 
sidereal  coDstractioD,  it  is  difficult,  if  not  impossible,  of  attainment. 
One  in  fact  pre-supposes  the  other.  To  separate  a  common  element  of 
motion  from  the  heterogeneous  sbiftings  npon  the  sphere  of  3,000  or 
iOOO  stars  is  a  task  practicable  only  under  certain  conditions.  To  be- 
gin vitb,  tbe  proper  motions  investigated  must  be  established  with 
general  exactitud&  Theerrors  inevitably  afifectingthemmustbesach 
as  pretty  nearly,  in  the  total  upshot,  to  neutralize  one  another.  For 
sbontd  they  run  mainly  in  one  direction,  the  result  will  be  falsified  in 
adegree  enormously  disproportionate  to  their  magnitude.  The  adop- 
tJOD,  for  instance,  of  a  system  of  declinations  as  much  as  1"  of  arc 
astray,  might  displace  to  the  extent  of  10°  north  or  south  the  point 
fixed  upon  as  the  apex  ot  the  snn's  way  (see  L.  Boss,  Aatr.  Jour.,  No. 
21^).  Bisks  on  this  score,  hovever,  will  become  less  formidable  with 
tliefiirther  advance  of  practical  astronomy  along  a  track  definable  as 
an  asymptote  to  tbe  curve  of  ideal  perfection. 

fieffldes  this  obstacle  to  be  overcome,  there  is  another  which  it  will 
Bwm  be  possible  to  evade.  Hitherto,  inqntries  into  the  solar  movement 
bave  been  hampered  by  the  necessity  for  preliminary  assumptions  of 
some  kind  as  to  the  relative  distances  of  classes  of  stars.  But  all  such 
assnmptionB,  especially  when  applied  to  selected  lists,  are  highly  inse- 
cure-, and  any  fabric  reared  upon  tbein  must  be  considered  to  stand 
upon  treacherous  ground.  The  spectrograpbic  method,  however,  here 
lorbonately  comes  into  play.    "Proper  motions"  areonjy  ftngtdaryeloci- 

*ftmif9t«n,  October  16^1,  Vol.  XMv,  pp,  578-574.        ^     '^  '^ 
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ties.  Tbey  tell  uothin^  as  to  tbe  value  of  the  perspective  element  tbey 
may  be  Bupposed  to  include,  or  as  tbe  real  rate  of  goiug  of  the  bodies  they 
are  attributed  to,  until  the  size  of  tbe  sphere  upon  which  they  are  meae- 
ured  bas  been  otherwise  ascertained.  But  tbe  displacements  of  lines 
in  stellar  spectra  give  directly  then<-tual  velocities  relative  to  the  earth 
of  the  observed  stars.  Tbe  qnestion  of  their  distances  is  therefore  at 
once  eliminated.  Now,  tbe  radial  component  of  stellar  motion  is  raised 
up  precisely  in  the  same  way  as  the  tangential  component  with  the 
solar  movement;  and  since  complete  knowledge,  of  it  in  a  sufficient 
number  of  cases  is  rapidly  becoming  accessible,  while  knowledge  of 
tangential  velocity  must  for  a  long  time  remain  partial  or  uncertain,  the 
advantage  of  replacing  tbe  discussion  of  pFoi>er  motions  by  that  of 
motions  in  line  of  sight  ia  obvious  and  immediate.  And  tbe  admirable 
work  carried  on  at  Potsdam  during  the  laat  three  years  will  soon  afford 
the  means  of  doing  so  in  the  first,  if  only  a  preliminary,  investigation 
of  the  solar  translation  based  upon  measurements  of  photographed 
stellar  spectra. 

The  difficulties,  then,  caused  either  by  inaccuracies  in  star  catalognes 
or  by  ignorance  of  star  distances,  may  be  overcome;  but  there  is  a 
third,  impossible  at  present  to  be  surmounted,  and  not  without  misgiv- 
ing to  be  passed  by.  All  inquiries  upon  the  subject  of  the  advance  of 
oar  system  throngh  space  start  with  a  hypothesis  most  unlikely  to  be 
true.  The  method  uniformly  adopted  in  them — and  no  other  is  avail- 
able— is  to  treat  the  inherent  motions  of  the  stars  (tbeir  so-called  motia 
peculiaren)  as  pursued  indifferently  in  all  directions.  The  steady  drift 
extricable  from  them  by  rules  founded  upon  tbe  science  of  probabili- 
tioB  is  presnnied  to  be  solar  motion  visually  transferred  to  them  in  pro- 
portions varying  with  their  remoteness  in  space  and  their  sttaatiooson 
the  sphere.  If  this  presumption  be  in  any  degree  baseless,  tbe  resnlt 
of  the  inquiry  is  pro  tanto  falsified.  Unless  the  deviations  from  the 
parallactic  line  of  the  stellar  motions  balance  one  another  on  tbe  whole, 
their  discnssion  may  easily  be  as  fruitless  as  that  of  observatioDS 
tainted  with  systematic  errors.  It  is  scarcely  however  doubtfiil  that 
law,  and  not  chance,  governs  tbe  sidereal  revolutions.  The  point  open 
to  question  is  whether  the  workings  of  law  may  not  be  so  exceedingly 
intricate  as  to  prodace  a  grand  sum  total  of  results  wbiob,  from  the  geo- 
metrical side,  may  justifiably  be  regarded  as  casual. 

Tbe  search  for  evidence  of  a  general  plan  in  the  wanderings  of  tbe 
stars  over  the  face  of  the  sky  hxs  so  far  proved  troitless.  Local  con- 
cert can  be  traced,  but  no  widely-difTused  preference  for  one  direction 
oVer  any  other  makes  itself  definitely  felt.  Some  regard,  nevertheless, 
must  be  paid  by  them  to  the  plane  of  tbe  Milky  Way;  since  it  is  alto- 
gether incredible  that  the  actual  construction  of  the  heavens  is  with- 
out dependence  upon  the  method  of  their  revolutions. 

The  apparent  anomaly  vanishes  upon  the  consideration  of  the  pro- 
fundities of  space  and  time  in  which  tbe  fundainenCol  design  of  the 
Bidere^  universe  lies  buried.     Its  comDositioa  out  of  An  indefinite 
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nnmberof  partial  systems  IB  more  than  probable;  but  the  JDConceiva- 
ble  leisnreliiiess  with  wfaicb  their  mutual  relations  develop  renders  tbe 
harmony  of  those  relationa  inappreciable  by  sbort-lived  terrestrial 
denizens.  "  Proper  motions,"  if  this  be  so,  are  of  a  subordinate  kind; 
they  are  indexes  simply  to  the  mechanism  of  particular  »ggregations, 
tnd  have  no  definable  connectiou  with  the  mechanism  of  the  whole. 
\o  considerable  error  may  then  be  involved  in  treating  tbem,  for  pur- 
poses of  calculation,  as  indifferently  directed;  and  the  elicit«d  solar 
movement  may  genuinely  represent  the  displacement  of  our  systfem  rela- 
tive to  its  more  immediate  stellar  environment.  ThiK  is  perhaps  the  ot- 
most  to  be  hoped  for  until  sidereal  astronomy  has  reached  another  sta- 
dium of  progress,  nuless,  indeed,  effect  should  be  given  to  Clerk  Max- 
irell'B  suggestion  for  deriving  tlie  absolute  longitude  of  tbe  solar  apex 
from  obaervatioDS  of  the  eclipses  of  Jupiter's  satellites  (Proc.  Roy.  Soc.y 
vol.  XXX,  p.  109).  But  this  is  far  from  likely.  lu  the  first  place,  the 
revolutions  of  the  Jovian  syHtem  can  not  be  predicted  with  anything 
like  the  r«H}tured  accuracy.  In  the  set-xtnd  ]ilwe,  there  is  no  certainty 
that  tbe  postulated  phenomena  have  any  real  existence.  If  however 
it  be  safe  to  assume  that  the  solar  Hysteiii,  cutting  its  way  through 
»(pace,  virtually  raises  an  letherial  counter-current,  and  if  it  be  further 
granted  that  light  travels  faster  with  than  against  such  a  current,  then 
indeed  it  becomes  speculatively  possible,  through  slight  alternate  accel- 
wations  and  retardationsof  eclipses  taking  pbtce,  respectively,  ahead 
of  and  in  the  wake  of  tbe  sun,  to  determine  his  absolute  path  in  space 
aa  projected  nptm  the  ecliptic.  That  is  to  say,  the  longitude  nf  the 
apex  conid  be  deduced  together  with  the  resolved  part  of  the  solar 
velocity ;  the  latitude  of  the  apex,  as  well  as  tbe  component  of  velocity 
perpendicnlar  to  tbe  plane  of  the  ecliptic,  remaining  however  unknown. 
The  beaten  track,  meanwhile,  bas  conducted  two  recent  inquirers  to 
resnltsof  some  interest.  The  chief  aim  of  each  was  the  detection  of 
syatematic  peculiarities  in  the  motions  of  stellar  assemblages  after  the 
sobtraction  from  tbem  of  their  common  perspective  element.  By  vary- 
ing the  materials  and  method  of  analysis,  Prof.  Lewis  Boss,  director  of 
tbe  Albany  Observatory,  hopes  that  corresponding  variations  in  the 
upshot  may  betray  a  significant  character.  Thns,  if  stars  selected  on 
different  principles  give  notably  and  consistently  different  result's,  tbe 
cause  of  the  difference  may,  with  some  show  of  reason,  be  supposed  to 
le.iitle  in  specialties  of  movement  appertaining  to  the  several  groups. 
Prof.  Boss  broke  ground  in  this  direction  by  iDV<'stigatiug2B4  proper 
motions,  few  of  whi<^h  had  been  similarly  empIoye<l  before  (Astr.  Jour., 
No.  213).  They  were  all  taken  from  an  equatorial  zone  4^20' in  breadth, 
with  a  mean  declination  of  +3°,  observed  at  Albany  for  the  catalogue 
of  the  Agtronomitche  Ge*e}Uchfi/t,  and  furnished  data  accordingly  for 
a  virtually  independent  research  of  a  somewliat  distinctive  kind.  It 
was  carried  out  to  three  separate  conclusions.  Setting  aside  five  stars 
with  secular  movements  ranging  above  100°,  Prof.  Boss  divided  the 
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279  left  available  iato  two  Het(t,^-one  of  135  stars  brighter,  the  otfaer  of 
144  stars  fainter,  than  the  eighth  magnitnde.  The  first  collectioD  gave 
for  the  goal  of  solar  translation  a  point  abont  4°  north  of  a  Lyne.,  in  B. 
A.  280°,  DecL  +  43°j  the  eecond,  one  some  thirty-seven  minutes  of 
time  to  the  west  of  3  Cygni,  in  B.  A.  286°,  Deel.  +  45°.  For  a  third 
and  final  Bolntion,  tweuty-six  stars  moving  40"-100"  were  rejected,  and 
the  remaining  253  classed  in  a  single  serien.  The  upshot  of  their  dis- 
cussion was  to  shift  the  apex  of  movement  to  R.  A.  289°,  DecL  +  51°. 
So  &r  i»  the  difierence  from  the  previous  pair  of  resnltM  is  capable  of 
interpretation,  it  woald  seem  to  imply  a  predominant  set  towards  the 
northeast  of  the  tventy-six  swifter  motions  sobt^iiently  dismissed  as 
prejndicial,  but  in  truth  the  data  employed  were  not  accurate  enongh 
to  warrant  so  definite  an  inference.  The  AJbatiy  proper  motions,  as 
ProC  Boss  was  careful  to  explain,  depend  for  the  most  part  niran  the 
right  ascensions  of  Bessel's  and  Lalande's  zoues,  and  are  hence  subject 
to  large  errors.  Their  study  must  be  regarded  as  suggestive  rather 
than  decisive. 

A  bettor  quality  and  a  larger  quantity  of  material  was  disposed  of 
by  the  latest  and  perhaps  the  most  laborious  investigator  of  this  intri- 
cate problem.  M.  Oscar  Stampe,  of  Bonn  {A»tr  Nach.,  Nos.  2999, 3000), 
took  his  stars,  to  the  number  of  1,054,  fiy>m  various  quarters,  if  chiefly 
from  Auwers's  and  Argelander's  Hats,  critically  testing,  however,  the 
movement  attribated  to  each  of  not  less  than  16"  a  century.  This  be 
fixed  as  the  limit  of  secure  determination,  unless  for  stars  observed  with 
exceptional  constancy  and  care.  His  discussion  of  them  is  instructive 
in  more  ways  than  one.  Adopting  Sehonfeld's  modification  of  Airy's 
formula;,  (the  additional  compntative  burden  imiKised  by  it  notwith- 
standing,) he  introduced  into  his  e<|uationB  a  fifth  unknown  quantity 
expressive  of  a  possible  stellar  drift  in  galactic  longitude.  A  negative 
result  was  obtained.  No  symptom  came  to  light  of  "  rotation  "  in  the 
plane  of  the  Milky  Way. 

M.  Btunipe's  intrepid  industry  was  further  shown  in  his  disregard 
of  customary  "scamping"  subteriuges.  Expedients  for  abbreviation 
vainly  spread  their  allurements;  everyone  of  his  2,108  equations  was 
separately  and  resolutely  solved.  A  more  important  innovation  was 
his  substitution  of  proper  motion  for  magnitude  as  a  criterion  of  r*' 
moteness.  Dividing  Iiis  stars  on  this  principle  into  ^our  groups,  he 
obtained  an  apex  for  the  squ's  translation  corresponding  to  each  aa 
follows : 


S8  '   1.  za  Mid  npwiml 
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Here  again  we  find  a  marked  aud  progressive  de»ceut  of  the  apex 
Coward  the  equator  with  the  increasing  sviftness  of  the  objects  serv- 
ing for  its  determination,  leading  to  the  snspicion  that  the  most  north- 
erly may  be  the  most  genuine  position,  because  tlie  one  least  affected 
by  stellar  individualities  of  movement.  By  nearly  all  recent  investi- 
gations, moreoTer,  the  solar  point  de  mire  has  been  plaeed  considerably 
fiirther  to  the  east  and  nearer  to  the  Milky  Way  than  seemed  admis- 
sible to  their  predecessors;  so  that  the  constellation  Lyra  may  now  be 
said  to  have  a  stronger  claim  than  Hercules  to  include  it;  and  the  ne- 
ce^ty  bas  almost  disappeared  for  attributing  t«  the  solar  orbit  a  high 
JDclination  to  the  medial  galactic  plane. 

From  both  the  Albany  and  the  Bonn  discussions  there  emerged  with 
liiugalar  clearness  a  highly  significant  relation.  The  mean  magnitudes 
of  the  two  groups  into  which  Prof.  Boss  divided  his  279  stars  were  re- 
spectively  6.6  and  8.6,  the  corresponding  mean  proper  motions  21.9"  and 
ai.9".  In  other  words,  a  set  of  stars  on  the  whole  six  times  brighter  than 
another  set  owned  a  scarcely  larger  sum  total  of  apparent  displacements 
And  that  this  approximate  equality  of  movement  really  denoted  approx- 
imate equality  of  mean  distance  was  miule  manifest  by  the  further  cir- 
cnmstance  that  the  secular  jonmey  of  the  siin  prove<l  to  subtend  nearly 
the  same  angle  whichever  of  tbe  grou]>8  was  made  the  standpoint  for 
its  survey.  Indeed,  the  fainter  collection  actually  gave  the  larger  angle 
(L3.t3"as  against  12.39"),andao  far  an  indication  that  the  starscompos- 
ing  it  were,  on  an  average,  nearer  to  the  earth  than  the  much  brighter 
ones  considered  apart. 

A  result  similar  in  character  was  reached  by  M.  Stamps.  Between 
tbe  mobility  of  his  star  groups,  and  the  valaes  derived  from  them  for 
the  angular  movement  of  the  sun,  the  conformity  proved  so  close  as 
materially  to  strengthen  the  inference  that  apparent  movement  meas- 
orcs  real  distaTice.  The  mean  bi;illiancy  of  hiw  clasxifled  stars  seemed, 
on  the  coiitrarj',  quite  iudejiendent  of  their  mobility.  Indeed,  its 
changes  tended  in  an  opposite  direction.  The  mean  magnitade  of  the 
slowest  group  was  6,  of  the  swiftest  6.5,  of  the  intermediate  pair  6.7 
and  6.1.  And  these  are  not  isolated  facts.  Oomparisous  of  the  same 
kind,  and  leading  to  identical  conclusions,  were  made  by  Prof.  East- 
man at  Washington  in  1889.  {Phil.  8oc.  Wash.  Bulletin,  vol.  xi,  p.  143 ; 
Proceedingg  Amer.  Association,  1889,  p.  71.) 

What  meaning  can  we  attribute  to  them !  Uncritically  considered, 
they  seem  to  assert  two  things,  one  reasonable,  the  other  palpably  ab- 
sord.  The  first — that  the  average  angular  velocity  of  the  stars  varies 
inversely  with  their  distance  from  ourselves — few  will  be  disposed  to 
doubt;  the  second — that  their  average  apparent  luster  has  nothing  to 
do  with  greater  or  less  remoteness — few  will  he  disposed  to  admit. 
Bnt,  in  order  to  interpret  tnily  well-ascertained  If  unexpected  relation- 
ships,  we  must  remember  that  the  sensibly  moving  stJirs  used  todetp(n[|^> 
nune  tbe  solar  translation  are  chosen  from  a  multitude  sensibly  fixedj^ 
H.  Mis.  334,  pt.  1 8 
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"  Wliat  is  the  Milky  Wayf  may  be  called  the  question  of  qaestions 
for  fdtnre  astronomere;  bnt  it  has  only  of  lat«  been  brought  to  some 
extent  ^thiu  the  range  of  available  methods.  More  feasible  ainis 
prompted  the  foandation  of  southern  observatories.  English  official 
astronomy  in  particular  took  its  rise  directly  from  the  requirements  of 
English  seamen.  Flamsteed  va^<  commissioned  to  determine  the  places 
of  the  stars,  not  becsmse  any  sj>eculative  interest  attached  to  them, 
bnt  simply  in  order  that  they  might  ser\'e  for  divisions  (as  it  were;  of 
the  great  dial  plate  of  the  heavens,  upon  which  the  moon  marked 
Greenwich  time,  aiid  might  hence  be  got  to  tell  the  longitude  in  every 
partof  the  world. 

Bat  English  astronomy  wa.s  Incomplete,  even  from  a  strictly  utilita- 
rian point  of  view,  so  long  as  it  failed  to  embrace  the  whole  of  the 
celestial  sphere;  and  in  proportion  a»  England's  colonial  empire  be- 
came consolidated,  the  need  of  a  supplementary  establishment  to  that 
at  Greenwich  was  rendered  more  and  more  imperative. 

In  the  choice  of  its  situation,  there  was  scarcely  room  for  a  doubt. 
The  Cape  of  Good  Hope  was  already  distinguished  as  the  scene  of 
LacaiUe's  labors  iu  18.'>l-'.')2 ;  and  these  famished  the  virtual  starting- 
point  of  austral  astronomy.  As  their  result,  10,000  sonthem  stars  and 
forty-two  uebuliB  were  known  at  the  beginning  of  this  centnr}';  and  an 
indication  of  a  somewhat  anomalous  character  (yet  the  only  one  of  suij 
kind  at  hand)  had  been  procured  regarding  the  flgnre  of  oar  globe 
sonth  of  the  equator.  It  seemed  to  show  that  the  earth  bnlged  the 
wrong  way, — in  other  words,  was  prolate  instead  of  oblate.  Its  cor- 
rection or  verification  was  hence  c>f  extreme  interest,  and  the  re-meas- 
urement of  LacaiUe's  arc  of  the  meridian  came  to  be  recognized  as  a 
prime  necessity  of  geodetic  science.  By  an  order  in  coancil,  dated 
October  20,  1820,  the  esUibliahmcnt  of  a  permanent  observatory  at  the 
Cape  was  accordingly  decreed,  and  the  first  loyal  astronomer  was  im- 
mediately afterwards  appointed,  in  the  person  of  the  Eev.  Fearon 
Fallows,  of  St  Johns  College,  Cambridge. 

A  Cumbrian  weaver's  sou,  he  had  contrived,  while  still  a  boy  work- 
ing at  the  loom,  to  att:nii  a  notable  proficiency  in  mathematics;  and, 
his  talents  attracting  attention,  some  gentlemen  of  the  neighborhood 
subscribed  to  procure  him  a  suitable  education.  He  graduated  in 
J813,  as  third  wrangler  to  Herschel's  and  Peacock's  first  and  second, 
and  was  eleetedon  the  earliest  opportunity  a  fellow  of  his  college.  The 
prosperity  and  happiness  of  his  life  culminated  when  he  found  himself 
ps  His  M^esty's  astronomer  at  the  Cai)e,  in  a  position  to  marry  the 
eldest  daughter  of  his  first  patron,  the  Rev.  Mr.  Hervey,  of  Bridehirk. 

This  however  was  the  last  fortumite  event  of  his  life.  Disappoint- 
ment and  chagrin  presidwl  over  the  entire  series  of  poor  Fallows'  ex- 
periences in  South  Africa.  Suspense  through  circumlocutory  proceed- 
ings at  home,  anxiety  due  to  the  misconduct  or  lawlessness  of  those 
mployed  b^  him  in  the  <-olony,  vexation  indescribable'  lit  the'^dcfects 
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of  the  instrument  lie  had  cbiefly  relied  apon,  personal  illness,  the 
deaths  of  all  the  eMIdreii  siiccest^ively  born  to  liiin,  at  last  exhausted 
his  vital  energies,  and  he  <lied  of  dropsy  supervening  upon  sunstroke 
and  scarlet  fever,  July  25,  lS31,at  tlioageof42.  His  grave  is  inaspot 
of  ground  consecrated  by  himBelf  within  a  stone's  thn>w  of  the  broken 
pier  of  bis  transit  instrument;  and  the  syringa  trees  he  planted  nov 
lean  their  blossom-laden  branches  towards  the  upper  windows  of  the 
dwelling  boose  where  he  might  have  hoped  to  si>end  many  nsefiil  and 
happy  years. 

But  his  work  at  the  Cape  was  not  thrown  away.  Tlie  buildings  of 
the  new  observatory  were  well  planned  and  solidly  executed ;  its  site 
was  judiciously  chosen  on  a  slightly  rising  ground  3  miles  southeast  of 
Citpe  Town,  almost  islanded  by  the  converging  sinuosities  of  the  Lies- 
beck  and  the  Salt  Eiver.  A  de-solate  spot  enough  it  nuist  indeed  ha^-e 
been  when  Fallows  took  his  first  survey  of  it.  Wolves  were  then  still 
rommon  in  the  neighborhood;  the  cries  of  ja<^kals  mingled  at  niglit 
irith  the  metallic  chirping  of  the  Cape  frogs;  the  last  Salt  River  hip- 
popotamus bad,  not  long  before,  met  au  untimely  death  by  drowning 
in  its  marshes ;  the  mole- biurowed  hillside  was  bare  of  almost  every 
form  of  vegetation  save  a  luxuriant  crop  of  thistles. 

Sow  the  smiling  culture  everywhere  apparent  indicates  the  neigh- 
borfaood  of  a  refined  English  home.  The  Kloi>es  are  in  spring  all  abloom 
with  lilies,  asters,  and  gladioli,  delicat«ly  striped  and  shaded  with  pink 
uidniaaTe,  or  fianuting  gaudily  in  purple  and  orange;  Australian  wil> 
loirs— tlie  Cape  substitute  for  laburnums — make  golden  patches  against 
the  dark  foliage  of  thick-growing  pines  planted  half  a  century  ago  by 
Lady  Maclear  on  the  simple  plan  of  inserting  a  cone  into  every  mole 
bill;  clumps  of  aloes  and  eucalyptus  recall  the  vicinity  of  the  tropics; 
a  grove  of  oaks  and  cypresses,  due  to  Prof.  Piazzi  Smyth's  skill  in 
ftffestry,  brings  memories  of  England;  white  arums,  irrepressible  and 
all-diSnsive,  nestle  round  tree  roots,  strain  upwards  to  the  light  throagh 
the  midst  of  tall  shrubs  and  hedges,  fling  themselves  in  lavish  profu- 
HioQ  amidst  the  lush  grass,  marching  processionally  {so  to  speak)  or 
halting  in  dense  clusters,  and  making  milky  ways  of  blossom  along 
rrery  marsh  and  meadow.  Here  indeed  are  lilies,  enough  and  to  spare, 
u>  strew, "  with  full  bands,"  the  graves  of  a  hundred  young  Marcelluses. 

In  succession  to  the  weaver's  lad  from  Cockermouth,  there  was  ap- 
pointed to  direct  the  new  South  African  observatory  a  solicitor's  clerk 
from  Dundee.  Thomas  Henderson  began,  at  the  age  of  15,  to  de- 
vote his  leisure  hours  to  astronomy.  His  instinct  however  was  for 
the  mathematical  part  of  the  science;  and  he  had  probably  never  seen 
» transit  instrument,  or  handled  a  telescope,  until  after  he  came  to  re- 
nde  at  Edinburgh  in  1819.  His  twofold  life  prospered.  In  his  legal 
opacity  lie  became  secretary  to  Lord  Advocate  Jeffrey;  his  astro- 
nomical calculations  brought  him  to  the  notice  of  Dr.  Thomas  Young, 
i  Sir  John  Herschel,  Capt.  Basil  Hall,  and  other  eminent  men.    Iti'tliet> 
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fmiDiner  of  1829,  Dr.  Yoang  gave  in  charge  to  Prof.  Rigand  a  memo- 
randum urging  Heuderson's  superior  qualifications  for  the  post  of 
superintendent  of  the  Naatieal  Almanac,  vttcateil  by  hiH  own  death  a 
fortnight  later;  and  the  recommendation  vas  doubtless  influential  in 
procuring  for  him  after  three  years  the  offer  of  the  Gape  obserTatory. 

Assuming  the  chief  command  there  in  April,  1832,  be  accumulated 
in  thirteen  months,  a  surprisiug  number  of  valuable  observaljons,  still 
in  part  unpublished.  One  of  the  results  derived  from  them  was  how- 
ever  of  so  striking  a  cfaarat^ter  as  to  attract  instant  and  universal  at- 
tention. It  was  nothing  less  than  the  first  authentic  determination  of 
the  distance  of  a  fixed  star. 

After  Siriusand  Ganoptis,  the  brightest  star  in  the  heavens  is  Alpha 
Gentauri.  This  beautiful  object  is  easily  resolved  iuto  two, — on©  ftilly 
three  times  brighter  than  the  other.  And  these  tn-o  circulate  round 
each  other,  or  rather  roUnd  their  common  cent«r  of  gravity,  in  a  period 
of  about  eighty-eight  years.  The  system  thus  formed  was  discovered 
by  Henderson  to  have  an  "  annual  parallax  "  of  just  one  second  of  arc 
That  is  to  say,  the  apparent  places  of  the  component  stars  as  viewed 
from  opposite  sides  of  the  earth^s  orbit,  differed,  through  a  &miliar 
effect  of  perspective,  by  yga'aaa  of  the  distance  from  the  horizon  to  the 
zenith.  The  more  refined  determinations  of  Drs.  Gill  and  Elkin,  while 
establishing  its  reality,  have  since  shown  that  Henderson's  parallax 
was  somewhat  too  large.  The  actual  distance  of  Alpha  Centauri  from 
the  earth  is,  in  round  numbers,  25,:>00,000,000  of  miles.  Even  the 
aetherial  vibrations  of  light  occupy  four  years  and  four  months  in  span- 
ning this  huge  interval;  yet  Alpha  Centauri  (so  far  as  is  at  present 
known)  is  the  nearest  neighbor  of  our  sun  in  space. 

The  attractive  power  of  each  of  these  coupled  stars  appears  to  be 
about  equal;  but  while  one  is  nearly  twitje,  the  other  is  only  half  as  : 
luminous,  in  proportion  to  the  amount  of  matter  it  contains,  as  oar 
own  sun.  Hence,  according  to  oiu-  present  notions,  the  darker,  more 
condensed  body  must  be  considerably  more  advanced  on  the  road 
towards  extinction  than  its  brilliant  companion,  and  an  attentive  study 
of  its  spectrum  ought  to  give  interesting  results.  i 

Henderson  returned  to  Europe  in  1833,  unable,  in  the  uncertain  state 
of  his  health,  to  support  the  discomforts — long  since  banished  with  the 
wolves  and  jackals — of  a  residence  at  Observatory  Hill.  He  became 
astronomer  royal  for  Scotland  in  1834,  and  died  suddenly  of  heart  dis- 
ease ten  years  later. 

The  third  astronomer  at  the  Cajte,  and  the  first  whose  term  of  actirity 
there  was  prolonged  to  a  fitting  conclusion,  was  an  Irishman.  Sir 
^ThomasMaclearwasbornnt  Newtown  Stewart,  in  ConntyTyrone,  March 
17,1794.  His  career,  like  those  of  his  predecessors,  swerved  insensibly 
towards  the  stats.  He  was  a  physician,  practicing  at  Biggleswade, 
in  Bedfordshire,  whose  astronomical  proclivities  bad  been  fostered  by  : 
the  genial  influence  of  Admiral  Smyth,  when  summoned,  as  one  may 
aay,  to  the  celestial  charge  of  the  southern  hemisphere. 
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The  royal  obser\'atories  ut  Greenwich  anU  the  Cape  of  Good  Hope 
form  together  an  astroDomicat  establishment  such  aa  no  other  nation 
besides  oar  own  can  boast  of  possessing.  It  fitly  represents  the  World* 
wide  dominion  of  which  it  is  the  corollary.  British  empire  on  the  seas 
led  directly  to  British  empire  over  the  skies,  the  one  gaining  complete- 
neasas  the  inevitable  consequence  of  the  expansion  of  the  other.  South- 
ern astronomy  seems  the  proper  appanage  of  the  Anglo-Saxon  racei 
OriginatiDg  with  Halley's  expedition  to  St.  Helena  in  1677,  Lacaitle's 
work  at  the  Cape  formed  the  only  exception  worth  mentioning  to  the 
role  of  ita  prosecution  by  our  fellow -countrymen  on  either  side  of  the 
Atlantic.  So  far,  indeed,  as  geometrical  astronomy  is  coDcefued,  it 
would  survive,  without  vital  injury,  the  destruction  of  all  results  except 
those  obtained  at  Greenwich  and  the  Cape.  Geometrical  astronomy  is 
DOW  however  only  one,  though  the  most  important,  branch  of  the 
science. 

Sir  Thomas  Maclear  proved  an  indefatigable  and  skillful  observer. 
He  co-operated  energetically  with  Sir  John  Herschel,  whose  memorable 
stay  at  Feldhausen,  3  miles  IVom  the  Royal  Observatory,  coincided  with 
the  first  four  years  of  his  tenure  of  ofBce.  He  re-meatiured  and  ex- 
tended LacaiUe's  arc,  thereby  not  only  removing  all  doubt  as  to  the 
couformity  to  scieutiflc  prediction  of  the  earth's  figure,  but  providing 
an  invaluable  groundwork  for  the  survey  of  the  entire  colony,  now  in 
active  course  of  prosecution  by  M^.  Morris,  K.  E.  The  long  list  of 
comets  observed  by  Mnclear  includes  Halley's,  Donati^s,  Bi*^la'H,  Encke's 
at  fonr  returns,  and  the  great  "  southern"  one  of  1843.  He  accumu- 
lated materials  for  three  star  catalogues,  prepared  for  the  press  and 
published  by  his  successors,  Mr.  Stone,  the  present  Itadcliffe  observer, 
and  Dr.  Gill.  And  so  completely  had  his  interests  become  identified 
with  those  of  his  adopted  home  that  he  continued,  after  retiring  firom 
the  observatory  in  1870,  to  reside  in  its  vicinity;  and  on  his  death, 
July  14, 1879,  was  laid  to  rest  withiu  its  grounds.  His  son,  Mr.  George 
Haclear,  retains  charge  of  the  transit  circle  procured  by  his  father  in 
1855.  It  is  an  exact  copy  of  that  erected  by  Sir  George  Airy  at  Green- 
wich. 

Mr.  Stone  was  chief  assistant  at  Greenwich  when  induced  to  accept 
the  appointment  to  the  Capo  by  the  opportunity  it  offered  for  the  prep- 
aration of  an  extensive  star  catalogue,  by  the  comparison  of  which 
with  the  earlier  Madras  and  Brisbane  catalogues  something  might  be 
learned  abont  the  movements  of  southern  stars.  This  object  was  most 
Batis&ctorily  attained  by  the  publication  of  the  "  Cape  Catalogue  for 
1880,"  containing  nearly  12,600  accurately  determined  star-places.  By 
a  pnre  coincidence.  Dr.  Gould's  simultaneous  work  at  Cordoba  had  the 
Hame  scope.    Its  brilliant  results  are  familiar  to  all  astronomers. 

Mr.  Stone  surrendered  the  direction  of  the  observatory,  in  June,  1879, 
to  the  present  royal  astronomer.  Dr.  (iill  is  one  of  a  long  line  of  dis- 
tinguished Aberdonians.    An  aistronomer  by  "  irresistible  impulse,'^-^^  I C 
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like  Besael,  excliauged  lucrative  mercantile  pursuits  for  the  coin])ara- 
tively  scanty  emoluments  awuititig  the  votaries  of  the  stars.  The 
"  patines  of  bright  gold,"  with  which  Urania's  treasure  cheats  overflow, 
are  Dot  of  terrestial  coinage. 

The  diatanee  of  the  sun  was  the  first  problem  opou  which  Dr.  Gill 
delivered  a  substantial  attack;  and  his  solution  of  it  still  remains  the 
best  obtained  by  celestial  trigonometry,  corresponding  so  closely  with 
Kewcomb's  value  of  the  same  great  unit,  derived  from  direct  measure- 
ment of  the  velocity  of  light,  as  to  reduce  within  reassoriogly  narrow 
limits  the  nncomfortuble  margin  of  uncertainty  left  by  the  transits  of 
Venus.  In  the  observations  of  Mars  made  for  this  purpose  at  Asven- 
sioD  in  1877,*  Dr.  Gill  employed  the  instrument  of  his  predilection, 
called — on  the  litem  it  non  lucendo  principle—a  "  heliometer." 

A  heliometer  is  a  telescope  of  which  the  object  glass  has  been  sawn 
in  two.  This  does  not  sound  like,  nor  would  it  be,  an  improvement  for 
purposes  of  simple  star-gazing;  but  the  end  in  view  is  different.  It  is 
that  of  precisely  determiziing  the  angular  diRtancea  between  adjacent 
stars,  or  between  a  planet  and  stars  near  it,  though  in  many  cases  be- 
yond the  range  of  the  ordinary  micrometer.  The  following  is  the  way 
in  which  this  end  is  compassed. 

The  half  lenses  of  the  object  glass  are  separable  by  a  very  flue  screw 
motion,  and  they  form  independent  and  separable  images  of  any  object 
upon  which  the  telescope  is  pointed.  These  images  unite  into  one  when 
the  two  segments  unite  to  complete  one  circle;  as  they  are  made  to 
slide  apart,  the  images  to  shp  sideways  asunder,  to  an  esteut  which  can 
be  measured  with  the  minutest  accuracy  by  exquisitely  divided  scales 
read  with  a  iiowerful  microscope.  In  the  actual  process  of  observation, 
the  telescope  is  fixed  upon  a  point  midway  between  the  stars  under 
scrutiny,  so  that  the  held  of  view  i^,  to  begin  with,  empty.  Neither  star 
can-be  seen.  Then  tlie  segments  of  the  object  glass  are  moved  oppo- 
sitely along  a  line  brought  beforebaiid  to  agree  with  the  line  of  direc- 
tion between  the  stars,  until  the  more  westerly  (say)  of  the  pair  as 
imaged  by  one  segment,  and  tbe  uion\  easterly  as  imaged  by  the  other, 
begin  simultnueously  to  appear,  and  are  at  last  carefully  made  to  coin- 
cide in  the  middle  of  the  field.  After  the  scales  have  been  read,  the 
motion  is  reversed,  and  a  similar  coincidence  is  brought  about  between 
the  oppositely  corresponding  stars — that  is, between  the  easterly  mem- 
ber of  the  pair  shown  by  segment  No,  1,  and  the  westerly  member  of 
the  pair  shown  by  segment  No.  2.  The  total  distance  traversed  is,  of 
course,  equal  to  twice  the  distance  between  the  stars. 

The  refinements,  however  (which  can  not  here  be  explained),  attend- 
ant upon  these  operations  are  wh^t  make  their  results  valuable,  and 
the  process  of  educing  them  laborious.  With  the  Copemican  **tri- 
quetrum"  the  measured  apparent  intervals  between  any  two  of  the 

'For a  pi>i>n1ur  ncronnt  of  thi^pxpeditiou,  ace  Mrs.  Gill's cbarmiug" Six  Mnntbain 
'  "ceasiou."    Murray.     Rerond  cditiim.     1880.  [:,y,i,^eu  <,y  OoOQ  Ic 


A  SOUTHERK  OBSERVATORY.  121 

heavenly  bodies  cuuld  be  depended  upou  to  within  ten  minutes;  vitb 
tbe  new  Eepsold  heliometer  the  error  of  a  single  observation  is  leea 
than  one-t«ntb  of  ;t  second  of  arc.  So  that  accuracy  has  been  increased, 
ill  the  coorse  of  three  and  a  half  centnries,  some  sis  thonsand  times. 
At  what  cost  of  patience  and  espenditnre  of  the  counted  moments  of 
iodividnal  human  lives,  as  the  fruit  of  what  illuminations  of  genius, 
throes  of  inventioQ,  failures,  and  disappointments  in  some  quarters, 
compensatory  triumpb»  in  others,  can  oever  rightly  be  told.  The  prog- 
ress achieved  was  by  "leaps  and  bounds;"  it  must  henceforth  be  by 
slow  and  painfiil  foot  lengths,  as  tbe  limit  of  possible  accuracy  is  brought 
imperceptibly  nearer.  It  is  not  likely  that  the  astronomical  data  of 
three  and  a  half  centuries  hence  will  be  six  thousand  times  more  ac- 
cDrate  than  those  at  our  disposal. 

The  heliometer  is,  of  all  others,  tbe  instrument  best  adapted  for  tbe 
Tork  (exceedingly  simple  in  principle,  yet  delicate  to  an  almost  incon- 
ceiTable  degree  in  the  details  of  its  execution)  of  determining  stellar 
parallaxes.  The  diameter  of  the  earth's  orbit  affords  a  base  line 
18t),000  miles  in  length,  from  opposite  extremities  of  which — that  is, 
at  opposite  seasons  of  the  year — the  distances  between  the  object  to 
be  examined  and  two  "comparison  stars"  are  measured.  Theinfinites- 
imal  alternate  shift  of  the  star  nearest  the  earth  to  and  lh>m  those  with 
which  it  is  compared  (assumed  with  little  risk  of  error,  to  be  indefi- 
nitely remote)  is  called  its  "  parallax."  From  its  angular  amount  the 
(Ustance  in  miles  of  tbe  star  from  the  earth  can  be  at  once  derived. 

The  minuteness  of  this  tittle  parallactic  see-saw  is  difficult  to  be  real- 
ized by  those  unpracticed  in  such  matters.  A  displacement  of  one  sec- 
ond on  the  sphere  is  equivalent  to  a  shifting  across  the  width  of  a 
human  bair  placed  70  feet  from  tbe  eye.  But  no  known  star  has  so 
large  a  parallax  as  one  second,  which  is  as  much  as  to  say  that  do 
known  star  is  so  near  to  us  as  200,000  times  the  distance  of  the  sun. 
Positive  results  might,  under  these  circumstances,  well  have  been  de- 
spaired of;  yet  they  have,  in  a  number  of  cases,  been  attained,  and 
form  the  snrest  groundwork  so  far  provided  for  investigations  into  the 
mechanism  of  the  skies. 

Dr.  Gill's  observations  for  stellar  parallax  were  begun  at  the  Cape 
July  5, 1881,  with  tbe  I>unecht  heliometer,  of  which  he  bad  become  the 
poeeessor  by  private  purchase  from  the  Earl  of  Crawford.  He  had  asa 
coadjutor  Dr.  W.  L.  Elkin,  who  is  now  in  very  effective  charge,  at  Tale 
CoUege,  of  the  only  heliometer  yet  erected  on  any  part  of  the  American 
continent.  Nine  stars  in  all  were  measured,  of  which  two  gave  no  in- 
dicatioDS  of  possessing  any  sensible  parallax.  Both,  remarkably  enongh, 
are  brilliant  starsof  the  hrst  magnitude — Canopusand  Beta  Ceutanrl — 
vhich,  to  shine  as  tbey  do,  from  unfathomable  depths  of  space,  must  be 
objects  of  astounding  splendor.  Canopns,  especiaUy,can  not  emit  less, 
and  may  emit  a  great  deal  more,  than  flfteen  hundred  times  the  light 
of  our  sun,  unless,  indeed.  Dr.  KIkin's  "comparison  stars"  should  turn 
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out  to  be  physically  connected,  consequently,  at  nearly  tlie  Same  dis- 
tance from  ourselves  with  the  giant  luminary  they  attend.  This  donbt 
vill  shortly  be  set  at  rest  by  Dr.  Gill's  measures,  uov  being  carried  out 
with  a  different  pair  of  stars. 

Sirius  was  shown  by  the  obeerratJons  of  1881-'83  to  be  at  a  distance 
such  that  its  light  occupies  nearly  nine  years  in  reaching  us.  Its  real 
brightness  is  that  of  sixty-three  suns,  while  it  attracts  the  semi-obscure 
body  cirenlating  round  it  in  forty -nine  years,  with  no  more  tiian  thrice 
the  solar  power.  This  extraordinary  luster  relative  to  mass  seems  to 
belong  to  all  stars  of  the  Sirian  pattern  as  to  spectrum,  and  is  doe  most 
likely  in  part  to  their  elevated  temiieratnres,  in  part  to  the  scantiness 
of  their  vaporous  surroundings. 

The  snccess  of  the  Cape  investigations  in  this  difficult  branch  of  as- 
tronomy invited  their  continuation  on  a  larger  scale,  and  with  more 
powerful  instrumental  meann.  The  Oovemmeiit  was  accordingly  in- 
duced to  sanction  the  construction,  by  Messrs.  Eepsold  of  Hamburg, 
of  a  new  heliometer  of  above  7  inches  aperture,  moniited  last  year  in  a 
building  erected  for  its  re<;eption  on  the  summit  of  the  sunny  slopes  of 
Ob8er\'atory  Hill.  The  first  view  of  this  great  star-measuring  machine 
has,  it  must  be  admitted,  a  somewhat  bewilderinf  effect  upon  the  un- 
initiated onlooker.  The  eye  end  literally  bristles  with  steel  rods,  han- 
dles, and  screw-heads,  almost  as  numerous  as  the  stops  of  an  organ, 
and  requiring  no  less  skill  and  knowledge  for  their  proper  use.  The 
revolving  "  bead"  is  armed  with  a  strange-looking,  radiated  head-gear, 
like  the  sails  of  a  windmill,  or  a  nimbus  of  tin  sectors  surviving  from  a 
barbarous  age. 

Everything  here  has  however  a  definite  purpose.  These  surprising 
"  flappers  "  are,  in  fact,  screens  of  wire  gauze  of  graduated  closeness, 
used  for  equalizing  the  brightness  of  the  stars  in  the  field  of  view,  and 
so  enabling  the  eye  to  hold  the  balance,  as  it  were,even  between  them. 
The  complex  apparatus  close  to  the  observer's  hand  furnishes  him  with 
the  means  of  easy  control  over  the  whole  of  the  sky-gauging  mechanism 
provided  for  him.  None  more  perfect  has  been  devised,  yet  the  study 
of  its  "  errors  "  is  the  indispensable  preliminary  to  it«  use. 

Only  the  sublime  end  in  view  could  render  tolerable  the  process  of 
arriving  at  a  complete  "  theory"  of  such  an  instrument.  The  patient 
laboriousuess  so  readily  commended  in  the  heroes  of  science  costs  more 
than  the  readers  of  their  biographies  are  apt  to  imagine.  Interminable 
readings  of  scale  divisions,  interminable  castings-up  of  the  columns  of 
decimals  expressing  the  differences  of  the  successive  readings,  are  not 
in  themselves  exciting  o<rcupations.  But  they  must  be  pursued  during 
some  hours  a  day  for  a  whole  year  before  the  "division  errors"  of  the 
new  heliometer  can  be  regarded  as  completely  abolished  because  per- 
fectly known.  Nor  is  this  all.  Elaborate  corrections  and  interpreta- 
tions of  other  kinds  have  to  be  added,  to  say  nothing  of  endless  and 
anxious  precautions  in  the  observations  themselves — precautions 
against  personal  and  physiological,  as  well  as  agaiust  atmospheric  and 
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ioBtrntnental,  causes  of  error.  Aecoracy  tB  indeed  ardnoas;  and  the 
astronomer  who  is  not  what  the  old  Komaus  used,  in  their  grand  w»y, 
to  look  down  upon  as  a  oumini  sector,  had  better  learn  another  profes- 
gion. 

Twenty-Beveo  stars  in  the  soathern  hemisphere  are  now  being,  or  are 
about  to  be,  measured  for  parallax  with  the  Cape  heliometer.  Their 
sflectioD  was  governed  by  the  ultimate  object  of  gathering  information 
as  to  the  scale  and  plan  of  the  mar\-ellouH  aggregation  of  suns  to  which 
onr  sun  beloDgs,  and  amidst  which  it  is  moving,  in  an  unknown  orbit, 
(0  meet  unknown  destinies.  For  this  purpose,  facts  of  two  kinds  are 
orgentl)' needed — facts  relative  to  the  real  distribution,  andfactsrelatiTO 
tothe  real  movemeuts  of  the  stars  in  space.  Dr.  Gill's  operations,  when 
completed,  can  not  fail  to  bring  important  reinforcements  to  our  present 
Bmall  store  of  each. 

Ten  stars  of  the  first  magnitude  lie  to  the  south  of  the  celestial  equa- 
tor, of wbicb  nine  (Alpha  Oentauri  being  alreatly  safely  disposed  of) 
are  in  course  of  measurement  at  intervals  of  six  months.  The  upshot 
will  be  to  give  the  average  distance  corresponding  to  the  first  order  of 
stellar  brightness  in  the  southern  hemisphere.  An  analogous  result 
has  lately  been  published  by  Dr.  Elkin  for  the  ten  chief  northern  lumi- 
naries. Their  distance,  "all  ronnd,"  proves  to  be  thirty-six  "light- 
years."  That  is  to  say,  light  from  their  photosi)heres  aSects  our  senses 
only  alter  our  planet  has  revolved,  on  an  average,  tbirty-six  times  in 
its  orbit  round  the  son.  So  that  all  oar  knowledge,  even  of  the  stars 
presumably  nearest  to  the  earth,  refers,  in  thisyear  18S9,  to  the  "mean 
epoch  "  1853.  We  shall  learn  presently  whether  the  "  mean  epoch  "  for 
the  sonthran  bright  stars  corresponds  approximately  to  this  date,  or 
vhether  a  marked  disparity  may  countenance  the  surmise  of  our  eccen- 
tric aitaation  in  the  group  of  luminaries  to  which  oar  snn  more  espe- 
cially belongs. 

Dr.  Gill's  list  includes  five  second  magnitude  stars,  the  annual  per- 
spective displacements  of  which  (if  large  enough  to  be  measurable)  will 
give  something  like  a  definite  scale  of  increasing  distance  with  de- 
creasing luster.  A  conclusion  will  then  be  feasible  as  to  the  rate  of 
movement  of  the  eun  in  space.  The  elder  Struve  made  it  about  5  miles 
a  second,  but  on  the  supposition  of  the  brightest  stars  being  between 
two  and  three  times  nearer  to  us  than  they  seem  reallyto  be.  We  can 
DOW  see  that  the  actual  speed  of  tlie  solar  system  can  scarcely  fall  short 
of  12,or  exceed  20  miles,  a  second.  By  a  moderate  estimate,  then,  our 
position  in  space  is  changing  to  the  extent  of  600,000,000  of  miles  annu- 
ally, and  a  collision  between  onr  sun  and  the  nearest  fixed  star  would 
beinevitable{  were  our  course  directed  in  a  straight  line  toward  it)  after 
the  lapse  of  fifty  thousand  years ! 

The  old  problem  of  "  bow  the  heavens  move,"  successfully  attacked 
in  tiie  solar  system,  has  retreated  to  a  stronghold  among  the  stars,  fh>m 
which  it  will  be  difficult  to  dislodge  it.  In  the  stupendous  mechanism 
of  the  sidereal  oniverse,  the  acting  forces  can  only  betray  themselves  to 
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IIS  by  the  varyini:  time  i.'oafi^iirationa  of  its  parts.  Bat  as  yet  oar 
kiuiwle^lge  of  stellar  movemeattt  U  mbterabty  soant^'.  They  are  appar- 
«utly  so  minate  :u  to  bei-one  pereeptible,  in  general,  oaly  through  ob- 
Berrations  of  grvat  precisMMi  exteoding  oTer  a  namber  of  years.  Even 
the  t|uicfcet^tniuvai;r  $tar  vooltl  spmd  rwohnndred  and  flfty-sevea  years 
iu  crw^suijj:  an  anr  of  th*  beavem  equal  to  the  disc  of  the  full  moon. 
Yet  all  the  time  (oving  to  the  ineooreirable  distances  of  the  objects  in 
uotKUt)  these  ahaoet  eTrewcent  di^Iaeements  represent  velocities  in 
many  cik<es  ao  eDocmua;^  k$  to  bttffle  every  attempt  to  accoant  for  them. 
"  Kttuaway  stajs"  are  no  hMi«ef  <rf  extrone  rarity.  One  in  the  Great 
Bear,  fcaown  as— tlrvombctdjre.  1S;!0.~ lavisible  to  the  naked  eye,  bat 
swve(>iu|^  over  at  letK^  :Mk  miles  earh  second,  long  led  the  van  of  stellar 
spemL  t*¥ot  PViix-hiknTs  photograpic  determination  of  the  parallax  of 
,■•  i."aiMi4ot»fi!>f  show^  h>*»evtt-.  that  ioconspicaons  object  not  only  to  be 
a  sua  ab«>uc  tiirt?  Ctavec  as  luminoas  as  onr  own,  bat  to  be  traveling  at 
the  |n>Klti:ttH»i  n«*  of  ;iW)  miles  (while  Dr.  Elkin's  result  for  Arcturiis 
jtivty*  tc .»  veWtcy  of  little  less  tbuu  400  miles)  a  second! 

'ITw-  -'oxfrw*"*  star  of  the  southern  hemisphere,  so  far,  is  one  of  the 
(4>ur(!t  tu-tiinituUtf  tutnated  in  Toucan.  Its  speed  of  abont  200  miles  a 
N«>v<(HtU  m^v  tK»n<^~er  soon  torn  out  to  be  surpassed  by  some  of  the 
m|>utl>  nuts  iiij;  stars  picked  out  for  measorement  at  the  Cape.  Among 
(hv'M  .«rv  ^ioiue  i>airs  "drifting"  together,  and  presumed  therefore  to  be 
vvMUivU'^l  (>y  a  sjiwial  physical  bond,  and  to  lie  at  nearly  the  same  dis- 
liUH-*'  l^xw  I'urseh-es.  This  presumption  will  now  be  brought  to  the 
t\v.». 

V  n>UMU'k.aMv>  and  typical  change  has  affected  the  aims  porsned  at 
v»n  j«t«thvii«  national  observatory  since  Dr.  Gill  assumed  its  direction. 
I'hviv  hat*  !'»"<««  a  widening  of  purpose  matching  the  widened  scope  of 
a«ilu'tn»inH'al  swncnce  due  to  the  development  of  new  methods.  The 
)»itt'U\'t«l  iiwsnilut^ss  of  the  establishment  was  never  more  conspicnoos 
iiuw*  Hi  lnvM'wt.  The  shipping  interests,  railway  service,  and  snrvey- 
U>it  ti|ti»'(illoiisof  South  Aflricaarein  immediate  dependence  upon  it 
'V\w  w  lw4»'  fttltfU'  of  the  "  old  astronomy  "—so  far  as  one  hemisphere  is 
V  out>4'l'lMHl  Itt  held  together  by  the  re-determinations  of  "  fundamental" 
.tii\(  "  nlithdiml "  Htars  continuaJJIy  iu  progress  at  it.  Bnt  while  noth- 
ing (il  what  was  previously  held  in  view  has  been  relinqnished,  much 
i<l  Ihcitlvtthtbit'  value  hiiS  been  added.  Above  all,  the  ideal,  or  purely 
ftilvllri'tiiali  (tlilo  of  astronomy  has  obtained  recognition,  and  in  aform 
liKt'lv  lo  I"'  HiomonibU'  iu  the  history  of  the  science. 

'('lttM't'h>»llrtl  photographic  Paris  Congress  of  April,  1887,  might  be 
('•tUmt  "  i>|HH*h  making,"  for  this  reason  alone — that  it  marked,  oflBcially 
•kiiil  tintnt'i'.  Iiivvxiigatious  into  (he  structareof  the  sidereal  nuiverse 
<fi  \m  t  ol'  thr  |ui>pt'r  iluty  of  astronomers.    These  inquiries,  the  moat 

'  "'»)>  4)1'  Uii>  pliyxiciil  kind  with  which  the  mind  of  man  can  beoccu- 
'II  hill  lii'Ui'cHx'th  1k«  almudoued  to  individual  caprice,  to  be 
IhI  \t\  iit'i'VKNaril.v  inadequate  means,  and  neglected  when  those 
iH  tht>Y  t'ouUI  nol  tUil  to  do)  should  collapse  under  the  strain 
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put  upon  them.  They  wiU  be  pnrsued  gravely,  Bystematically,  by  the 
concerted  efforts  of  snccessive  generations,  throngh  the  toil  of  innu- 
merable unpretending  workers  guided  to  effectiveness  by  the  highest 
intelligence  of  the  times.  A  measure  of  success  is,  under  these  circum- 
stances, certain,  and  even  a  email  measure  of  success  in  this  direction 
vtll  suffice  to  broaden  and  deepen  the  channels  of  all  future  human 
tlionght. 

Hence  the  profound  significance  of  the  decisions  of  the  Paris  Congress, 
by  which  an  international  scheme  for  photographically  charting  the 
heavens  and  cataloguing  a  large  proportion  of  their  contents  was  set 
on  foot.  Fortunately  for  its  own  reputation  our  Government,  after 
long  delay,  has  adopted  what  might  have  seemed  the  foregone  conclu- 
sion that  a  share  in  this  work  is  England's  right  and  duty,  and  has  au- 
thorized the  construction  of  the  requisite  instruments  for  Greenwich  an3 
the  Cape.  Before  another  year  has  elapsed  they  will  be  mounted  in 
their  respective  places  and  the  recording  proi^ess,  to  be  carried  on  simul- 
taneously at  fourteen  or  fifteen  observatories  in  everypart  of  the  world, 
will  have  begun. 

Meanwhile  Dr.  Gill,  to  whose  initiatory  energy  the  approaching  reali- 
latJOQ  of  this  great  plan  is  due,  has  almost  completed  a  preliminary  task 
of  vital  importance  to  its  due  accomplishment,  as  well  as  to  sidereal 
science  in  general.  One  of  the  most  famous  acluevcmeuts  of  recent  as- 
tronomy is  the  "Bonn  Durckmtuiterung,"  a  list  of  324,001)  stars  from  the 
North  Pole  to  2  degrees  south  of  the  equator,  observed  by  Argelander 
at  Bonn.  Until  it  was  compiled  the  smaller  stars  were  s  nameless 
crowd  with  no  recognized  identity.  For  the  purposes  of  science  they 
could  scarcely  be  said  to  exist.    But  once 

Set  in  note-book,  l«srD«(l  anil  conned  liy  rote, 
their  changes  could  no  longer  elude  notice-,  and  detected  change  leads 
commonly  to  increased  knowledge.    A  solid  foundation  was  moreover 
laid  for  the  study  of  sidereal  statistics,  destined,  perhaps,  to  lead  to 
motuentoas  results  at  no  distant  fiitore. 

An  extension  of  the  "  Durckmu»terung  "  to  the  southern  hemisphere 
was  contemplated  from  the  first,  but  was  more  easy  to  contemplate 
than  to  execute.  No  soatbem  observatory  was  in  a  condition  to  un- 
dertake a  task  so  colossal.  Dr.  Schonfeld,  Argelander's  successor  at 
Bonn,  carried,  however,  the  enumeration  as  fur  as  the  southern  tropic, 
wkere  it  seemed  likely  to  stop,  when  i^ome  surprising  photographs  of  the 
great  comet  of  1382,  i)rojected  on  wide  fields  of  »tars,  taken  at  the 
Royal  Observatory  with  the  help  of  Mr.  Allis,  of  Mowbray,  opened  to 
Dr.  Gill  the  possibility  of  completing  Argelander's  stellar  review  by 
this  relatively  unlaborious  metliod.  And  the  possibility  is  rapidly 
twing  converted  into  an  accomplished  fact.  Two  assistants,  Mr.  C.  Itay 
Woods  and  Mr,  Sawerthal,  are  employed  every  fine  night  iu  expos- 
ing plates  with  instruments,  each  consisting  virtually  of  two  t«leHco|>es, 
one  for  concentrating  upon  the  plates  the  rays  of  the  multitudinous 
atara  within  a  field  of  S6  square  degrees,  the  other  for  enabliug  the 
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operator  to  keep  tbem  steadily  there  until  their  self-portraiture  is 
finished.  The  whole  heavens,  sootb  of  the  tropic  of  Capricorn,  will  have 
been  covered  iu  duplicate  by  nest  April,  after  which  only  some  sapple- 
mentary  exposures  will  remain  to  be  made. 

Prof,  Kapteyn,  of  Leydeu,  is  meanwhile  busy  measuring  the  plates 
successively  transmitted  to  him  from  the  Cape,  and  the  resulting  cata- 
logue— the  first  derived  from  photographs — will  probably  be  in  the 
hands  of  astronomers  by  the  year  1892.  All  stars  down  to  the  ninth 
magnitnde,  and  many  faiuter,  will  be  included  in  it  to  the  number  of 
fully  two  hundred  thonsand.  This  important  enterprise  is  a  private 
and  personal  one.  The  entire  responsibility  for  it,  fiuancitd  and  other, 
is  borne  by  Dr.  Gill. 

There  is  a  prospect  that  before  another  year  has  elapsed,  the  vexed 
question  of  the  sun's  distance  will  have  beeu  definitely  set  at  rest 
The  immediate  objects  of  measurement  for  the  purpose  with  the 
Cape  heliometer,  in  combination  with  some  other  instruments  of  the 
same  class  in  Germany  and  America,  are  three  of  the  minor  planets- 
Iris,  in  October  and  November,  1888;  Sappho  and  Victoria  during  the 
summer  of  18S!>.  The  position  of  the  planet  between  successive  pairs 
of  stars  distributed  along  its  path  during  the  favorable  period  when  it 
cnlmlnates  near  midnight  will  be  determined  simultaneously  from  op- 
posite sides  of  the  eqnator  according  to  a  method  devised  by  Dr.  QUI, 
so  stringent  and  insistent  for  accuracy  that  the  errors  admitted  by  it 
must  be  minute  indeed.  While  celestial  surveyors  have  270  asteroids 
at  their  disposal  to  mark  the  apexes  of  their  triangles,  the  long  gaps 
of  time  between  the  transits  of  Venus  need  be  of  little  concern  to  them. 

To  describe  the  whole  of  the  tasks  in  progress  at  the  Boyal  Obser- 
vatory— the  cometary  work  chiefly  in  the  hands  of  Mr.  Finlay,  the  first 
assistant,  the  lunar,  and  planetary  observations,  the  laborious  correo- 
tions  of  star  places  and  star  motions — would  demand  more  space  than 
is  at  our  command.  What  has  here  been  aime<l  at  is  merely  to  indi- 
cate the  directions  in  which  the  activity  of  the  establishment  tends  to 
expand,  and  to  show  that  these  directions  are  representative  of  the 
present,  and  must  be  decisive  as  to  the  future  of  astronomy.  There  is 
room  indeed,  were  the  material  means  at  hand,  for  farther  expansion. 
In  the  spectroscopic  department  the  Cape  record  is  still  a  blank.  Tet 
the  wise  outlay  of  a  few  hundred  pounds  would  suffice  to  set  on  foot, 
under  exceptionally  favorable  circumstances  as  to  climate  and  situa- 
tion, inquiries  into  the  physical  condition  of  southern  stars  of  extreme 
interest  and  inevitable  necessity. 

There  is  much  to  be  learued,  as  well  as  enjoyed,  from  a  visit  to  the 
Cape  Observatory.  Hot  only  the  work  done  there,  but  the  manner  in 
which  it  is  done,  is  impressive.  Ijessons  of  earnestness  of  parpose, 
stability  of  aim,  and  cheerful  self  devotion  can  si-arcely  be  miMCit  by 
the  itinerant  lover  of  astronomy,  in  whose  mind  they  will  be  tempered 
and  illuminated  by  reminiscences  of  the  beauty  of  flowers  by  day  and 
of  the  glory  of  stars  at  night. 
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I. — 80MB   PHT8ICAL   AND  MATHEMATICAL   DATA. 

Many  of  the  terios  employed  in  treating  of  the  properties  aud  condi- 
tiouu  of  matter  liave  iQ  uomtnoD  use  a  somewhat  vague  meaDing.  The 
meaning,  so  far  as  clearly  outlined,  is  also  only  too  often  different  from 
that  which  the  physicist  intends  to  convey.  As  regards  terms  such  as 
rigid,  solid,  plastic,  viscous,  etc.,  it  seems  to  me  that  even  emineot 
geologists  are  apt  to  be  misled  by  the  popular  usage,  so  that  they  fall 
into  error  respecting  the  data  which  mathematical  aud  physical  science 
places  at  their  disposal.  It  thus  seems  advisable  on  the  present  occa- 
Bion  to  clear  the  ground  by  briefly  considering  the  sense  attached  to 
these  terms  by  the  more  exact  school  of  physicists.  To  render  the  fol- 
lowing statements  intelligible  it  is  necessary  to  explain  the  meaning 
Bcientifically  attached  to  the  terms  stress  and  strain.  By  stress  is 
meant  a  force  referred  to  unit  of  area  of  the  surface  across  which  it 
acts;  by  strain  the  increase  in  the  distance  between  two  material  points 
divided  by  the  original  distance.  For  instance,  if  a  vertical  bar  n 
sqnare  inches  in  cross  section  fixed  at  the  upp6r  end,  sustain  a  load  of 
t  tons,  and  the  load  be  uniformly  distributed  over  the  cross  section,  the 
longitudinal  stress  is  fn,  taking  the  square  inch  as  nnit  of  area  and  the 
weight  of  1  ton  as  unit  of  force.  If  a  portion  of  the  bar  increase  in 
length  from  100  to  100.01  inches,  and  the  increase  be  uniformly  distrib- 
uted over  the  portion  lengthened,  the  longitadinal  strain  is  (100.01 — 
lOOjxlO— %or  .0001. 

The  writers  who  have  had  most  influence  on  the  present  scientific 
usage  of  English  terms  dealing  with  physical  properties  are  unquestion- 
ably Prof.  Clerk  Maxwell  and  Sir  William  Thomson.  The  former 
gives  the  following  definitions  in  his  Theory  of  Heat  t :  "A  body  which 
when  subjected  to  a  stress  experiences  no  strain  would,  if  it  existed,  be 
called  a  i>erfeetly  rigid  body.    There  are  no  such  bodies.     -     -    -" 

•From  the  L.  E.  I>.  Phil.  Maa.,  Kept*mbor  auii  October,  1891;  vol.  xx\.n,  pp. 
233-252,  Bud  M2-353. 
t  Fifth  edition,  chapter  ixi.  hi.  CjilOQlt' 
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**A  body  Thich  when  sabjected  to  a  given  stress  at  a  given  tempera- 
ture experiences  a  strain  of  definite  amount,  whicli  does  not  increase 
when  the  stress  is  prolonged,  and  whiclt  disappears  completely  when 
the  stress  is  removed,  is  called  a  perfectly  elastic  body." 

"If  the  form  of  the  body  is  found  to  be  permanently  altered  wlieu 
the  streHH  exceeds  a  certain  value,  the  body  is  said  to  be  soft  or  pListic, 
and  the  state  of  the  body  when  alteration  is  judt  going  to  take  place 
is  called  the  limit  of  perfect  elasticity." 

"  If  the  stress,  when  it  is  maintauied  constant, causes  a  strain  -  -  - 
which  increases  eontinaally  with  the  time,  the  Hubstance  is  said  to  be 
viscous." 

A  viscous  material  may  be  either  solid  or  tinid.  It  is  regarded  by 
Maxwell  as  fluid  when  any  stress,  however  small,  produces  a  constantly 
increasing  strain.  Maxwell  draws  a  distinction  between  elasticity  of 
bulk  and  elasticity  of  shape — the  latter  being  peculiar  to  solids — which 
is  more  fully  treated  of  by  Sir  William  Thomson.  A  body  possesses 
I»erfect  elasticity  of  bulk  when  on  the  removal  of  the  stress  it  returns 
to  its  original  volume,  even  though  the  form  of  its  surface  be  perma- 
nently altered.  Both  writers  regard  it  as  certain  that  solid  bodies  will 
retain  perfect  elasticity  of  bulk  under  compressive  stresses  which  far 
oxc«ed  the  limit  of  elasticity  of  shape.  The  following  statement  em- 
bodies the  views  of  Sir  W.  Thomson  • :  "If  we  reckon  by  the  amount 
of  pressure,  there  is  prr»l>abty  no  limit  to  the  elasticity  of  bulk  in  the 
direction  of  the  increase  of  pressure  for  any  solid  or  fluid;  but  whether 
continued  augmentation  produces  continued  diminution  of  bulk  toward 
zero  without  limit,  or  whether  for  any  or  every  solid  or  fluid  there  is  a 
limit  toward  which  it  may  be  reduced  in  bulk,  bat  smaller  than  which 
no  degree  of  pressure,  however  great,  can  con<len8e  it,  is  a  question 
which  can  not  be  answered  in  the  present  state  of  science." 

Maxwell,  by  denying  the  existence  of  a  perfectly  rigid  body,  main- 
tains that  every  solid  c^tn  au-'^t^iin  stress  or  transmit  force  only  by  suf- 
fering strain.  Thus,  on  depositing  a  feather  on  the  most  solid  block  of 
iron  we  produce  in  the  iron  a  system  of  strains,  infinitesimally  small  it 
1a  true,  but  whoso  existence  can  no  more  be  questioued  than  the  exist- 
ent;(>  ncrosH  tlie  surface  s<tparating  the  iron  and  the  feather  of  forces 
balancing  the  iwrtion  of  the  feather's  weight  left  uncompensated  by 
the  air  pressunv  The  hypothesis  quoted  above  from  Sir  W.  Tliomson, 
that  tliere  may  be  a  limit  beyond  which  no  body  can  be  compressed,  ia 
not  in<H)nsistent  with  Maxwell's  statement.  The  hypothesis  regards 
tlio  ratio  of  the  increment  of  strain  to  the  increment  of  pressure  as  ulti- 
nnitely  IxHmming  iufluiteaimally  small,  but  it  in  no  way  implies  that 
IrhJH  ratio  ever  Ixi-onies  absolutely  zero. 

In  a  Kollil  bur,  HUpiiowcl  perfectly  eh^tic,  exposed  to  longitudinal 
Hi  ri'MN,  the  niMo  of  1  he  stn-ss  to  the  strain  is  styled  Young's  modulus.  In 
many  mateHatt*  Yonng'H  unxluliis  varies  in  magnitude  according  to  the 


•  MalhfMtUi-itl  hhH  /'Aynimf  I'njm-i,  Vol.  HI,  pp.  7-8. 
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direction  in  wbicli  the  axis  of  the  biir  is  takttu.  Tliu»,  iu  oniiiiiiry 
iroods  tliere  is  a  marked  difference  betweei)  tlic  value  of  Young's  niod- 
iiliis  in  the  direction  of  the  jiith  of  the  tfee  u.nd  iu  any  i)erpeudicular 
direction.  Materials  in  which  Yonu^'s  modulus  iu  independent  of  the 
direction  in  which  the  axis  of  the  experimental  bar  is  taken  iiro  terlued 
isotropic;  all  others  are  termed  ajolotiopic. 

In  an  isotroitic  elastic  solid  it  is  supiio^ed,  on  the  ordinary  British  or 
bieoustant  theory,  that  the  value  of  Youug'H  mo<lulus,  K,  alone  is  insuf- 
ficient to  define  the  elastic  structure,  and  that  some  other  elaHtic  con- 
xtant  most  be  known.  For  many  purposes  the  uiost  convenient  addi- 
tioual  constant  is  the  ratio  of  the  lateral  contraction  tu  the  longitudinal 
extension — each  measured  per  unit  of  length — iu  a  bar  exjiosed  to  sim- 
ple longitudinal  traction.  For  instaiic^e,  if  the  diameter  of  a  bar  under 
uuiform  longitudinal  stress  change  from  10  to  {I-9997  inches  the  lateral 
contraction  is  0-00003,  and  if  the  longitudinal  strain  be  0-0001,  the  ratio 
of  lateral  contraction  to  longitudinal  extension  is  0-^.  This  ratio  ia 
termed  Foisson's  ratio,  and  is  represented  here  by  r/. 

On  the  uniconstant  theory  of  isotropy  i/  must  have  the  value  0-2.>, 
whicli  certainly  acconls  well  with  experiments  on  glass  and  some  of 
the  more  common  metals,  especially  iron  and  steel  under  certain  con- 
ditions. 

On  the  bicoustant  theory  r/  may  have  any  value  within  certain  limits. 
The  existence  of  these  limits,  it  must  be  iulmitted,  is  seldom  recog- 
nized, and  exiierimental  results  are  not  infrequently  referred  to  which 
lire  inconsistent  with  the  view  taken  here,  viz,  that  r/  must  lie  between 
0  and  0.5.  If,  however,  tj  were  negative  in  any  material  a  circular  bar 
of  this  material,  when  subjected  to  uniform  longitndiual  tension,  would 
increase  in  diameter;  while  if  7  were  greater  than  0.5,  the  bar,  when 
liied  at  one  end  and  subjected  to  a  torsional  couple  at  the  other,  would 
twist  in  the  opposite  direction  to  the  applied  force.  Until  these  phe- 
nomena are  shown  to  present  themselves  in  isotropic  materials — and  the 
experimental  verification  ought  to  be  easy — it  seems  legitimate  to  sup- 
pose that  when  experimentalists  deduce  values  for  t/  which  lie  ontside 
of  these  limits,  their  experiments  refer  to  bodies  whose  constitution  is 
different  from  what  is  assumed  iu  their  mathematical  calculations. 

The  properties  attributed  to  an  isotropic  elastic  solid  by  the  ordinary 
mathematical  theory  are  as  follows: 

(A)  The  strain  must  be  elastic,  t.  c,  it  must  disappear  on  the  removal 
of  the  stress, 

[Bj  The  ratio  of  stress  to  strain  must  be  independent  of  the  magni- 
tude of  the  stress,  or,  iu  Pn>f.  Pearson's  words,  the  stress-strain  rela- 
tion inust  be  linear. 

(C)  The  strains  must  be  small. 

(D)  The  values  of  Young's  modulus  and  Poisson's  ratio  iu  a  bar  of 
the  material  must  be  independent  of  the  direction  iu  which  theaxis  of, 
the  bar  is  taken.  '  l.,j,i  ...,.  ,.,■  Goo^lc 

H.  Mis.  334,  pt.  1 9 
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The  last  propt^rty  alone  distinguish  en  i  lotropic  Iroin  leitlntropic  elastic 

80lid8. 

(A)  answern  to  Maxwell's  defiiiitioD,  biit  (B)aDd  (C)  are  not  assumed 
by  Maxvell.  I»  other  words,  a  solid  uiay  be  perfectly  elastic  without 
showing  a  linear  stress-strain  relation,  or  possibly  eveu  after  the  strains 
have  become  large.  Thus,  for  the  sake  of  clearness,  I  shall  call  Has- 
well's  limit  of  perfect  elasticity  the  physical  limit,  and  the  limits  sup- 
plied by  (B)  and  (G)  the  first  and  second  mathematical  limits  re3i>ec- 
tively. 

It  is  not  infrequently  taken  for  granted  that  the  physical  and  the 
first  mathematical  limit  are  necessarily  identical,  t,  e.,  that  the  elasticity 
is  certainly  not  perfect  wlien  the  stress-strain  relation  ceases  to  be 
linear.  According  however  to  some  experimentalists  cast  iron  is  as 
perfectly  elastic  as  any  other  metal  in  the  sense  of  Maxwell's  definition, 
but  the  stress-strain  relation  for  even  small  strains  is  sensibly  not 
linear.*  This  is,  of  course,  a  question  for  experimentalists  to  decide, 
but  in  any  case  where  their  final  verdict  is,  that  the  stress-straia  rela- 
tion is  sensibly  not  linear,  the  employment  of  the  ordinary  mathemati- 
cal theory  is  unjustifiable.  It  must  be  admitted  that  the  principle  (C) 
is  a  very  vague  one,  lending  to  no  exact  limit,  and  that  it  seldom  re- 
ceives any  very  formal  acknowledgment.  It  is,  liowever,  clearly  rec- 
ogtuzed,  and  a  reason  for  it  assigned  in  the  following  statement,  due  to 
Thomson  and  Tait :  t  "The  mathematical  theory  of  elastic  solids  imiwses 
no  restrictions  on  the  magnitudes  of  the  stresses  except  in  so  far  as  that 
mathematical  necessity  requires  the  strains  to  be  small  enough  to  admit  of 
tkeprinciple  of  super-position."  The  italics  are  mine.  The  meaning  is 
that  the  strains  must  be  small  fractions  whose  squares  are  negligible 
compared  to  themselves.  If  this  principle  be  neglected  and  the  mathe- 
matical equations  be  supposed  to  apply  when  the  strains  are  large,  the 
difficulty  of  giviug  them  a  consistent  physical  interpretation  is  very 
great  if  not  wholly  un surmountable. 

In  most  materials  having  any  claim  to  be  regarded  as  elastic  solids 
the  stress-strain  relation  for  most  ordinary  stress  systems  certainly 
ceases  to  be  linear  wlule  the  strains  are  still  small.  We  shall  thus  in 
the  meantime  leave  the  condition  (C)  out  of  account,  thongb  we  sh^l 
have  to  return  to  it  in  treating  of  the  so-called  "theories  of  rnpture." 

The  existence  of  tlie  properties  (A),  (B),  (D),  i>resHppose<1  by  the 
mathematical  theory,  is  determined  not  solely  by  the  chemical  coDsdtn- 
tiou  of  the  body,  but  also  by  the  treatment  to  which  it  has  been  sub- 
jected. Tims  a  freshly  annealed  copiwr  wire  may,  when  loaded  for  the 
first  time,  be  far  from  satisfying  conditions  (A)  or  (B),  and  yet  by  the 
processof  loading  and  unloading  it  may  be  brought  into  a  state  of  esse, 
wherein  these  two  conditions  are  very  approximately,  if  not  exactly 
•i  ToithDDtvr  aod  I'carsou'H  IliHors  of  Elattieils,  vul.  i,  art.  [UIl]  anil  pp. 
:.  /'AH.,  Tol.  1,  part,  11,  p.  422.  L:,y,i,^eu  i:,  GoO^lc 
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fulfilled,  Hu  loDg  as  the  stress  does  no  exceed  a  certain  limit.  A}j;aiu, 
the  lact  that  a  large  mass  of  metal  is  sensibly  isotropic  is  no  sufDcieDt 
reason  for  attributing  isotropliy  to  the  same  metal  when  rolled  into 
thin  plates  or  drawu  into  thin  wires. 

It  is  quite  possible  that  the  three  conditions  (A),  )B),  and  (D)  repre- 
sent an  ideal  state  which  is  never  actually  reached,  and  that  a  diver- 
gence may  always  be  shown  by  the  nse  of  very  delicate  apparatus.  If 
this  be  tme,  then  the  results  obtained  by  the  mathematical  theory  can 
DOt  claim  absolute  correctness.  It  seems  however  to  be  satisfactorily 
established  that  many  materials  in  the  state  of  ease  satisfy  these  con- 
ditions with  at  least  a  very  close  approach  to  exactness,  so  that  the 
results  of  the  mathematical  theory  when  properly  restricted  are  then 
sufficiently  exact  for  practical  purposes. 

From  the  preceding  statements  it  will  be  seen  that  it  is  of  the  utmost 
importance  to  know  what  are  the  limits  within  which  the  conditions 
assmned  by  the  mathematical  theory  are  satisfied  with  sufficient 
exactness  to  justify  its  application.  This  question  mast  of  course  be 
settled  by  experiment,  but  it  is  beset  by  varioas  difliculties  which  ought 
to  be  clearly  recognized.  These  arise  in  part  from  the  serious  obstacles 
iu  the  way  of  a  complete  experimental  knowledge,  and  in  part  &om 
the  want  of  a  proper  understanding  between  those  interested  in  the 
practical  and  theoretical  sides  of  the  subject,  and  a  consequent  confu- 
sion in  the  t«nns  used. 

To  avoid  compUcation  let  us  begin  by  supposing  the  mathematical 
limit  of  perfect  elasticity  to  coincide  with  the  physical.  Let  us  con- 
sider the  simple  case  of  a  bar  under  uniform  longitudinal  traction.  We 
may  suppose  the  bar  isotropic,  and  in  consequence  of  snitable  treat- 
ment perfectly  elastic  for  loads  not  exceeding  Lt-  Xo  mechanical 
treatment,  we  shall  suppose,  can  render  it  perfectly  elastic  for  loads 
greater  than  Li.  It  does  not  follow  that  a  load  Lj  will  necessarily  rup- 
ture the  bar  either  immediately  or  in  course  of  time,  but  simply  that 
for  any  load  greater  than  Li  the  strain  is  not  perfectly  elastic.  Increas- 
ing the  load  from  zero  we  should  reach  a  load  L^,  probably  greater 
than  Li,  that  would  in  process  of  time  rupture  the  bar,  or  a  load  L( 
greater  than  L3  that  produces  immediate  rupture.  All  these  loads  are 
supposed  to  refer  to  unit  of  area. 

Sow  in  the  initial  state  of  the  bar  we  should  be  entitled  to  apply  the 
mathematical  theory  only  until  the  loswl  L,  wa«  resiched.  When  we 
aim  at  finding  the  utmost  capability  of  the  material  under  longitudinal 
load,  we  may  perhaps  apply  the  theory  until  the  lomlLj  is  reached,  but 
here  we  mnst  stop.  To  apply  it  until  the  loads  Lj  or  Li  are  reached — 
aasoming  these  greater  than  In — is  clearly  inadmissible. 

Besults  of  a  similar  kind  hold  for  all  the  comparatively  simple  forms 
of  stress — such  as  pure  compression,  torsion,  or  bending — in  which 
practical  men  are  interested.  There  are  limits  to  the  state  of  perfectr 
elasticity  lower  than  the  limitis  at  which  rupture  takeii  place,  ftlJ'^lwtN 
immediately. 
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The  usual  aim  of  tlie  engiaeer  in  that  uo  ])art  of  the  structure  ho  is 
deHJguiiig  should  ever  be  strained  beyond  the  elastic  limit,  aud  this 
end  be  of  voarne  desires  to  obtain  with  the  least  i>o«6ible  expeuditoie 
of  material.  Thus  ideally  he  might  be  ex|>ected  to  calculate  the  dimeu- 
sious  of  each  piece,  so  that  for  the  masimani  load  it  is  to  be  subjected 
to  it  ahalljust  not  imsa  beyond  the  limit  of  perfect  elasticity.  There 
are  however  in  general  agencies,  Huch  as  wind  pressure,  dynamical 
at-tion  of  a  moving  load,  etc.,  whose  effects  are  not  very  fully  under- 
stood and  whose  magnitude  can  not  alwuyo  be  foreseen.  Thns  it  in 
the  cuHtom  to  allow  a  wide  margin  for  contingencies.  ISow  the  limit 
of  perfect  elasticity  seems  the  natural  quantity  to  employ  in  allowing 
for  this  margin,  but  the  uucertaiuties  attending  itii  determination  are 
KQcli  that  it  is  customary  to  employ  the  breaking  load  instead.  The 
brealdng  load  for  the  particular  kind  of  stress  the  member  in  qnei^tion  is 
to  be  eitiKwed  to  is  divided  by  some  number,  e.  g.,  i  or  !j,  called  a/aetor 
of  safety,  and  the  dimensions  of  the  member  are  calculated  so  that  its 
estimated  load  shall  not  exceed  the  quotient  of  the  breaking  load  by 
the  fiictor  of  safety.  The  engineer  varies  the  factor  of  safety  accord- 
ing to  the  nature  of  the  load,  and  according  to  the  confidence  he  \>oa- 
sesses  in  the  uniformity  of  the  niateriiil  and  in  the  completeness  of  his 
knowledge  as  to  the  vicissitudes  the  structure  is  exposed  to.  It  has 
thus  come  to  pass  that  attention  has  been  largely  directed  to  the 
breaking  loads,  and  theories  have  been  constructed  which  aim  profess- 
edly at  supplying  a  law  for  the  tendency  to  rupture,  under  the  most 
general  stress  systems  possible,  of  materials  whose  ru]>tnre  points  have 
been  found  under  the  ordinary  simple  stress  systems  em])1oyed  in 
experiment. 

There  are  only  two  such  theories  of  rupture  for  isotropic  materials 
that  at  present  possess  any  general  repute.  To  understand  them  the 
reader  retiuires  to  know  that  for  any  stress  system  there  are  at  every 
point  in  an  isotropic  elastic  material  three  principal  stresses  along  three 
mntnally  orthogonal  directions,  and  likewise  three  principal  strains 
whose  directions  coincide  with  those  of  the  principal  stresses.  If  an 
imaginary  small  cube  of  the  material  be  taken  at  the  point  consideied 
with  its  faces  perpendicular  respectively  to  the  three  principal  stresses, 
then  no  tangential  stresses  act  over  these  faces.  In  a  bar  under  a  uni- 
formly distributed  longitudinal  stress  L  per  unit  ot  cross  section,  two 
i)f  the  principtU  stresses  are  everywhere  zero,  and  the  third  is  parallel 
til  the  axis  and  equals  L.  If  E  be  Young's  modulus,  and  tf  Poisson's 
mtio  for  the  material,  supjiosed  isotropic  and  elastic,  the  greatest  priu- 
cipal  strain  is  everywhere  L/E  and  its  direction  is  parallel  to  the  axis. 
The  two  remaining  principal  strains  are  each  — f;L  'E  and  they  may  be 
Miuiuosed  to  have  for  their  direotions  any  two  mutually  ^rpeudicnlar 
•he  cross  section  of  the  bar. 

f  the  theories  referred  to  above  is,  that  when  the  algebraic  dif 
between  the  greatest  and  least  of  the  principal  stresses  at  aoy 
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point — a  presHure  being  reckoned  negative — attains  a  certain  value, 
rapture  will  ensue  at  this  point.  Thus,  it'  iu  descending  order  of  mag- 
Ditnde,  the  principal  streanes  at  a  point  bo  T|,  T,,  T,,  theu  T|— T,  is  the 
stress  difference"  at  tliis  point,  and  tlie  theory  asBerta  that  rupture  will 
nltitnatelf  ensue  if  the  stress  difference  anywhere  equals  L,,  the  load  for 
ultimate  rupture  of  abar  of  tlie  material  by  lougitudiual  traction;  while 
if  the  stress  difference  anywhere  equals  L„  the  load  for  immediate  rup- 
ture by  longitudinal  traction,  theu  immediate  rupture  will  ensue. 

The  second  theory,  which  is  supported  by  the  great  authority  of  de 
Saint- Yenant,t  replaces  the  stress  difference  of  the  first  theory  by  the 
greatest  strain.  It  thus  asserts  that  tlie  condition  for  rupture  is  found 
by  equating  the  largest  value  found  anywhere  for  the  greatest  strain 
to  the  longitudinal  strain  aiisweriug  to  longitudinal  traction  L^,  or  to 
that  answering  to  the  traction  L,,  according  as  the  rupture  is  ultimate 
or  immediate.  This  theory  maintains  that  extension  in  some  direction 
is  necessary  for  rupture. 

The  two  theories  may,  as  in  the  case  of  pure  longitudinal  traction, 
lead  to  the  same  result;  but  in  general  they  do  not,  so  one  at  least  of 
them  must  be  wrong.  When  we  examine  the  theories,  still  supposing 
the  mathematical  and  physical  limits  of  perfect  ela.sticity  the  same,  a 
very  obvious  difflcnltyt  presents  itself.  It  is  assumed  that  the  stress- 
difference  and  greatest  strain  are  derived  by  the  mathematical  theory; 
but  that  theory  applies  only  so  long  as  the  material  is  everj-where  per- 
fectly elastic,  whereas  rupture,  at  least  when  immediate,  presents  itself 
after  the  elastic  limit  has  been  passed.  Thus  if  the  application  of  the 
mathematical  theory  leads  to  values  for  the  maximum  stress  difference 
and  greatest  strain  e<iual  to  the  values  of  these  quantities  answering 
to  rupture,  at  all  events  when  immediate,  the  true  conclusion  would 
Beemtobe  that  the  fundamental  hy[H>t1iesis  on  which  the  treatment 
proceeds,  viz,  that  the  material  follows  the  laws  assumed  by  the  mathe- 
matical theory,  has  been  shown  to  be  incorrect  Nothing  has  been 
proved  except  that  the  elastic  limit  must  be  passed  and  that  the  mathe- 
matical theory  does  not  apply. 

Theonly  logical  way  of  interiiretiug  the  theories  is  to  suppose  that  the 
maximum  stress  difTerence  and  greatest  strain  are  to  be  compared  not 
witb  the  values  that  answer  to  rupture,  but  either  with  those  that 
answer  to  the  limit  of  perfe<^t  elasticity  or  with  those  derived  by  dividing 
the  values  answering  to  rupture  by  some  factor  of  safety.  This  factor 
mnat  then  be  large  enough  to  preventthe  limitof  perfect  elasticity  being 
passed.  Thus  from  either  point  of  view  we  encounter  a  formidable  diffi' 
colty,  viz,  the  uncertainty  of  what  is  the  limit  of  perfect  elasticity. 

'  See  Prof.  Darwin,  Phil.  Tram.,  1882,  pp.  220,  221,  kU:  ;  alno  Thomnoii  and  Taifs 
Sat.  Pkil,  vol.  I,  part  ii,  p.  423. 
1 3««  Pearaon'it  The  Elatlieal  Re*tarrhet  of  Barri  d«  Saint-  Vmant,  art.  5  (c),  el«. 
iMd.  art.  4  W),  5  Co).  &c.  ,.,^,1^^^  ^^  GoOQ Ic 
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We  have  supposed  that  a  bar  may  be  brought  into  a  state  in  vhich 
it  is  perfectly  elastic  for  longitudinal  tractions  aot  exceeding  L,,  An- 
swering to  tliis  we  have  Lj  for  the  stress  difference,  and  L:/E  for  tlie 
greatest  strain.  Now  if  the  two  theories  described  above  really  apply 
to  the  limit  of  perfect  elasticity,  the  one  would  seem  to  maintain  that 
L|  is  the  limiting  valne  of  the  stress  difiference,  the  other  that  Lj/E  is 
the  limiting  value  of  the  greatest  strain  for  all  possible  stress  gyetems 
in  material  of  the  same  kind  as  that  in  tlie  bar.  The  complete  experi- 
mental proof  or  disproof  of  sucli  theories  is  not  likely  to  be  easy.  Thus 
taking  for  instance  the  case  of  longitudinal  traction,  suppose  it  were 
shown  that  a  certain  method  of  treatment  which  raises  the  elastic  limit 
for  load  parallel  to  the  axis  of  a  bar  does  not  raise  the  elastic  limit  for 
longitudinal  load  in  a  bar  whose  length  lay  in  the  cross  section  of  the 
original  bar.  This  would  only  suffice  to  prove  that  the  treatment 
adopted  did  not  give  a  fixed  elastic  limit  the  same  for  all  kinds  of 
strain,  it  would  leave  the  possibility  of  such  a  limit  being  obtained  in 
some  other  way  an  open  question. 

In  the  preceding  remarks  the  mathematical  and  physical  limits  of 
perfei't  elasticity  have  been  supposed  identical.  When  they  differ,  tlie 
mathematical  limit  is  of  course  that  which  must  be  employed  in  deter- 
mining the  range  of  the  mathematical  theory.  It  will  certainly  not  ex- 
ceed the  physical  limit.  I  may  add  that  while  for  certain  structures 
such  as  isolated  boilers  the  physical  limit  may  most  nearly  concern  the 
practical  engineer,  in  otlier  structures,  such  as  girder  bridges,  the 
stress-strain  relation  is  assumed  to  be  linear  in  designing  the  si^veral 
parts,  so  that  the  first  mathematical  limit  is  then  of  the  utmost  practi- 
cal importance. 

In  the  previous  discussion  of  the  stress-difference  and  greatest-strain 
theories,  as  settling  the  limits  of  application  of  the  mathematical 
theory,  it  has  been  taken  for  grantetl  that  the  condition  (C)  was  safe- 
guarded by  them.  Xow  in  most  ordinary  systems  of  loading  this  is 
pn>bably  the  case,  but  it  is  not  always  so.  For  instance,  if  we  assome 
the  mathematical  theory  to  hold,  a  solid  isotropic  sphere  under  a 
untforin  surface-pressure  shows  none  but  negative  strains,  and  the 
thrve  princiiml  stwsses  are  everywhere  eqaal.  Thus  the  greatest 
strain  is  everywhere  negative,  and  the  stress  difference  everywhere 
xero.  This  is  true  irresi)ective  of  the  magnitude  of  the  surface  pressure, 
anil  so,  aci'ording  to  both  theoiies,  the  stress-strain  relation  would  be 
linear  and  the  mathematical  theory  would  apply,  however  large  the 
prf  ssnre  was.  Aw-ording  to  the  theories,  one  might  continne  to  employ 
matheinaticnl  formiUip  which  indicatt'd  a  reduction  of  the  sphere  to  one- 
millionth  of  its  original  volunie.  It  is  obvious,  however,  that  a  re- 
dui-titm  of  the  volume  by  even  a  tenth  would  priMluce  strains  which  me 
prol>ab|>'  far  in  exi"e«8  of  those  admitted  by  the  principle  (C).  In 
'Vtrmulating  an  objt'^-tinn  to  the  nniversjtl  application  of  the  theories,  1 
lave  lovfbrred  tu  attack  them  on  the  side  of  the  principle  (C)  so  as  to 
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show  clearly  tbat  tlie  high  autliohty  of  Thoiiisou  aud  Tail  ia  on  my 
Aide.  The  example  <M>nsi<lered  raises  however  what  seems  to  me  at 
least  ail  equally  Btrong  argniiieut  against  the  theories  from  the  side  of 
the  principle  (B).  For  we  must  remeuiber  that  the  stresses  inside  the 
niaterial  are  determined  hy  the  iutermolecular  forces.  Now  whatever 
iioleeules  may  be,  aud  however  they  may  act  on  one  another,  it  seems 
iucredible  that  the  moleenlar  forces  shonld  leml  to  one  and  the  same 
atressstrain  relation,  however  rancli  the  mean  tuoleeular  distance  may 
be  reduced.  The  fact  that  Sir  W.  Thomson  regards  the  existence  of 
an  irreducible  minimum  volume  a^  possible  may,  I  thitik,  be  taken  as 
proof  that  be  is  opitosed  to  the  view  that  it  is  iwssible  for  the  stress- 
strain  relation  to  remain  linear  under  such  circumstances.  It  thus 
seems  to  roe,  on  various  grounds,  that  the  inevitable  conclusion  is  that 
while  one  or  other  of  the  two  theories  may,  under  ordinary  circum- 
stances, be  sufficient  to  define  the  limits  of  the  nmthvmatical  theory, 
the  result  must  always  be  checkwl  by  reference  to  the  condition  (O), 
or,  what  comes  to  the  same  thing,  we  must  give  up  the  mathematical 
theory  when  the  strains  it  indicates  are  such  as  would  markedly  alter 
the  mean  molecular  distance.  * 

I  next  proceed  to  tliscuss  the  possibility  of  the  earth's  possessing  an 
elastic  solid  structure,  deriving  the  necessary  data  from  three  papers 
pnbhshed  in  the  TranHOctwm  of  the  Cambridge  Pkilotophical  ,%(nety. 
For  brevity  these  will  be  referred  to  as  (a),*  (/»),f  and  {e],\ 

The  strains  due  to  the  action  of  the  sun  and  moon  being  compara- 
tively insignificant,  we  need  consider  only  the  "centrifugal"  forces  due 
t«  the  earth's  diurual  rotation,  and  the  gravitational  forces  due  to  the 
mntuat  attraction  of  its  parts. 

The  data  supplied  by  geology  do  not  enable  us  to  formulate  any  likely 
theory  as  to  a  probable  distribution  of  density  and  elasticity  through- 
oat  the  earth  regarded  as  an  elastic  solid.  All  we  know  with  certainty 
is  that  the  surface  strata  are  on  an  average  considerably  below  the 
nieandensity,that  they  differ  widelyiu  character,  many  being  markedly 
Bototropic,  and  that  ft«quently  they  are  far  from  horizontal.  Thus, 
as  our  object  Is  merely  to  consider  what  are  the  iwssibilities  on  the 
hypothesis  of  solidity,  it  will  be  best  to  make  the  hypothesis  as  simple 
as  possible.  Now,  if  the  deviations  from  the  earth's  mean  density  and 
from  an  isotropic  elastic  structure  were  limited  to  the  surface  strata, 
where  alone  we  are  certain  of  their  existence,  the  effect  of  the  "centrif- 
Bgal"  forces  would  be  nearly  the  same  as  if  these  deviations  did  not 
exist;  but  the  effect  of  the  gravitational  forces  on  the  eccentricity  of 
the  suriace  may  depend  largely  on  the  nature  of  the  deviations.  I  thus 
propose  to  treat  the  problem  in  stages. 

The  first  stage  neglects  entirely  the  gravitational  forces  and  regards 

the  eai-th  as  a  slightly  spheroidal  body — which  has  departed  from  the 

spherical  form  in  consequence  of  its  rotation — of  uniform  density  and 

•  ToL  XIV,  pp.  260^7  tVol.3UV,pprM7-483.  tVoLxv.pp.lr^Tj^ 
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of  tlie  »aine  inotropic  silastic  atructuro  tlii-ougboat.,  i-otatiiig  with  uni- 
form aiigalar  velocity  w  about  its  polar  axis. 

Let  a  denote  the  mean  radiua,  d  tlie  difference  between  the  equatorial 
and  polar  semiaxes  of  the  surface,  B  Young's  modulus,  and  t}  Poisson'B 
ratio  for  the  material.  Then  the  ratio  A:a\B  given  for  various  valnea 
of  r}  in  the  following  table:* 

Tabi-k  1. 


1    -  I-    y-  -   I   0J»    '    0,38(.   I   U.a41    I   0,35!    .   0.^73   I   <1.J9S    I 

In  the  case  of  an  originally  spherical  solid  assuming  the  shape  of  the 
earth  under  rotation,  it  is  of  no  practical  importance  whether  we  re 
gjinl  a.  as  the  radius  of  the  original  spherical  surface,  or  as  the  mean 
radius  under  rotation,  nor  does  it  matter  practically  whether  the  densit; 
be  supposed  uniform  previous  to  or  during  the  rotaition.  There  is,  it 
is  true,  for  all  valuci^  of  t,  uxcept  0*5,  a  slight  increase  in  the  voltune,* 
and  consequent  diminution  in  the  mean  density  accompanying  the  ro- 
tation, but  for  our  present  purpose  this  may  be  neglected. 

The  mathematical  solution  on  which  Table  i  is  based  treats  the 
spherical  surface  of  radius  «  as  that  over  which  the  couditiods  for  a 
free  surface  are  satistivd.  Now,  some  uncertainty  may  exist,  depending 
on  the  physical  interpretation  pat  upon  the  mathematical  equatioiiB, 
whether  these  surface  conditions  should  be  applied  over  what  is  the 
surface  before  the  displacement — in  this  case  the  surface  of  the  true 
sphere  which  it  is  assumed  the  earth  would  form  if  the  rotation  dis- 
appeared^-or  over  what  is  the  surfai'e  during  the  rotation.  This  un- 
certainty might  constitute  a  very  serious  difficulty  if  the  deformations 
were  supiM>sed  to  be  large,  a  contingency  which  may  arise  when  tlie 
limitation  (0)  in  the  miiguitude  of  the  strains  is  neglected ;  butinsaeh 
problems  as  the  present  where  the  strains  are,  as  we  shtiU  see  presently, 
of  the  same  order  of  magnitude  as  oct^ar  in  onlinary  engineering  struc- 
tures, it  is  of  no  material  consequence.  In  the  present  ease  complete 
assurance  on  this  point  may  be  derived  from  Figs.  1  and  2,  PI.  liof 
(<-),  which  show  the  changes  induced  by  rotation  in  the  equatorial  and 
l>olar  semi-axes  of  spheroids  of  various  shapes. 

For  given  values  of  rf,  a,  m,  and  p,  Table  l  shows  that  E  and  r/  in- 
(urease  together.  Ciiving  ta  the  value  it  has  for  the  earth,  and  assuming 
p=5.5,  (1=3950,  (?=I3.25, 1  find  for  the  values-of  E,  measured  in  grams 
weight  i>er  square  centimeter,  answering  respectively  ti>  the  values  0, 
0.25,  and  ().5  of  r/,  the  ai)proximate  numbers 

l(t20x!0«,    1220  xlO«,    and    1410x10*  

■  See  (a)  forraulii  <6)  p.  287;  or  (c)  Tables  iii,  v,  and Vl.  .^.  I ,. 
(  See  <*)  Table  II,  and  compare  TablefiVBDd  viof  to^      O 
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It  is  ubvious  from  Table  i  that  to  equal  increments  in  >/  there  eurre- 
ajtond  nearly  equal  increments  iu  E;  tbuH  the  numbers  given  above 
will  enable  a  sufflciently  close  approximation  to  the  value  of  E  for  any 
other  value  of  7  to  be  immediately  written  down. 

For  the  sake  of  comparison  with  the  values  found  for  E  in  Bome  of 
the  commoner  materials  under  ordinary  conditions  I  append  the  follow- 
ing data,  taken  from  Sir  W.  Thomson's  article  on  Elasticity  in  the 
Bncyclopaedia  Britannica.    The  units  are  the  same  as  above. 

Tablr  II. 
Value*  of  E/10". 


1 

Iron  taH 

Copper. 

Slute. 

ZiDO. 

St«ne 

Loxl. 

1  HlfElUMtvalne... 

txa 

12M 

1120 

ess 

350 

IM 

]  Lo.«tvmIiie..-. 

,    "* 

1M2 

»10 

m 

51 

This  table  will  give  a  general  idea  of  the  limits  within  which  E  may 
reasonably  be  expected  to  lie,  though  some  of  the  data  refer  to  mate- 
rial which  is  hardly  likely  to  have  been  isotropic.  It  shows  that  if  the 
iDflnence  of  the  gravitational  forces  on  the  eccentricity  were  negligi- 
ble,—which  however  is  not  the  case, — the  earth,  though  perfectly  solid 
and  elastic,  might  reasonably  beexi>ected  to  display  not  a.  smaller,  but 
aconsiderably  greater  eccentricity  than  it  actually  does. 

The  question  next  arises  whether  the  strains  and  stresses  produced 
by  the  rotation  are  such  as  sre  consistcnit  with  the  principles  on  which 
the  application  of  the  mathematical  theory  rests.  In  the  actual  case 
of  the  earth  this  question  is  of  importance  only  in  exceptional  circum- 
stances, owing  to  the  prei)Onderating  influence  uf  the  gravitational 
forces;  still  itpossesses  sufficient  interest  to  claim  separate  considera- 
tion. The  following  table  gives  a  aufliciently  close  approximatiou  to 
the  numerical  results  obtained  for  the  rotating  body  treated  above, 
when  for  K  are  substituted  the  values  which  answer  to  the  production 
by  rotation  alone  of  an  eccentricity  equal  to  that  of  the  earth. 


.- 

TO} 
0-IHI40 

20 

.J; 

Muxlmuiu  alreiu  dlffenooe  inlona  weight 

f'^lJt   tr»l 

(«|                  (creates 

■  See  (e)  Tableu  in,  vii,  and  I! 
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TJie  maximum  stress-ditfereuce  and  the  greatest  strain,  aa  giveD  in 
the  table,  are  both  foand  at  the  center. 

The  result  on  the  stress-diffei-eace  theory  is  nearly  indepeadent  of  i^ 
and  is  more  unfavorable  in  every  case  than  tliat  given  by  the  greatest 
strain  theory  to  the  view  that  the  material  remains  perfectly  elastia 
A  stress  of  16  tons  per  square  inch  ia  not  one  that  an  engineer  would 
view  with  complacency  in  any  structure  intended  to  be  permanent,  bat 
it  is  a  low  value  for  the  tenacity  of  good  wrought  iron.  A  stress  of 
even  33  tons  per  square  inch  can  easily  be  borne  without  rapture  by 
good  steel,  and  is  perhaps  not  in  excess  of  the  stress  under  which  the 
best  steel  remains  perfectly  elastic.  The  greatest  strains  are  not  of 
such  a  magnitude  as  to  raise  any  presumption  against  the  linearity  of 
the  stress-straio  relation.  Thus,  according  to  all  the  tests,  it  is  f|uite 
possible  that  an  originally  spherical  solid  of  the  earth's  mass  but 
devoid  of  gravitation  should  remain  solid  and  elastic  while  assuming 
the  form  of  the  earth  under  rotation.  Its  material,  however,  at  least 
if  homogeneous  and  isotropic,  would  require  to  possess  an  uuusnally 
high  limit  of  nerfect  elasticity. 

The  next  subject  for  consideration  is  how  the  question  is  affected  by 
the  existence  of  gravitational  forces  such  as  are  found  inthecaseofthe 
earth.  The  strains  and  stresses  in  a  slightly  oblate  spheroid,  treated 
as  an  isotropic  elastic  solid,  all  consist  of  two  parts,  the  first  part  beiog 
the  same  as  if  the  surface  were  truly  spherical,  the  second  dependit^ 
on  the  eccentricity.  It  is  the  second  parts  that  represent  the  action  of 
the  gravitational  forces  in  modifying  the  eccentricity,  but  these  parts 
are  in  general  iiisigtiiflcant  so  far  as  the  question  of  the  applicabihiy 
of  the  mathematical  theory  is  concerned.  I  shall  therefore  postpone 
consideration  of  them  until  an  account  has  been  given  of  the  strains 
and  stresses  which  are  independent  of  the  eccentricity. 

The  mathematical  difficulties  in  applying  the  ordinary  theory  to  the 
case  of  a  homogeneous  solid  gravitating  sphere  are  trifling,  but  tlie 
difficulty  of  putting  a  physical  interpretation  upon  the  mathematical 
expressions  answering  to  most  values  of  tj  is  such  as  very  forcibly  to 
call  attention  to  the  necessity  of  the  limitation  (C).  Since  the  gravita- 
tional force  at  an  element  of  a  solid  sphere  depends  not  only  on  the  to- 
tal mass  which  lies  nearer  the  center  than  does  the  element,  but  alao  on 
its  absolute  distance  from  the  center,  we  must  assume  that  the  equations 
supplied  by  the  oixlinary  mathematiciil  theory,  if  they  apply  at  all,  hold 
.for  the  position  of  final  equilibrium  after  the  deformations  have  taken 
place.  This  seemiugly  requires  that  strain  should  be  defined  as  tbe 
ratio  of  the  increase  of  length  to  the  final  length,  which  is  not  in  a/a- 
cordance  with  the  usual  interpretation  of  Hooke's  law  unless  the  square 
of  the  strain  be  negligible.  Supposing  the  internal  equations  to  refer 
to  the  final  deformed  condition,  the  surface  equations  will  undoubt^ly 
also  refer  to  this  condition.  Thus,  so  far  as  the  terms  independent  of 
the  ecceutricity  are  concerned,  we  may  suppose  the  matbematicBl  theory 
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applied  to  a  sphere  whose  density  p  is  aniform  tliroughoat,  aud  whose 
radioB  a  equals  the  earth's  mean  radius. 

In  thia  case  the  maximum  stress-differeace  and  the  algebraically 
greatest  strain  are  both  found  at  the  surface.  Let  as  denote  these  by 
3  and  i  respectively;  and  let  »a  denote  the  greatest  compression,  which 
occnrs  at  the  center,  and  u.  the  radial  displacement  at  the  sarfiwe. 
Employing  E  aud  r)  as  before,  and  denoting  by  g  the  acceleration  due 
to  tlie  sphere's  attraction  at  itH  aurfoce,  I  And* 
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1       1-27 
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Aasuming  for  a  moment  these  results  to  hold  for  a  sphere  in  which 
j=gravityf  at  the  earth's  surface,  p^5-5  times  the  density  of  water, 
and  a  =  .1950  miles,  the  following  are  the  approximate  numerical  values 
answering  to  the  values  0,  '26,  aud  0'.')  of  r/: 


,. 

« 

O-M 

*s 

lUO. 

ma 

I90D 

0 

•quTetDob.irblch  would  prodDcetitniut.i 

For  a  given  value  of  7  the  value  of  S  is  independent  of  E.  It  dimin- 
ishes continually  as  7  increases  from  zero.  Since  the  value  of  »  depends 
on  E,  I  have  given  the  value  of  ES,  or  the  longitudinal  stress  which 
votdd  produce  in  a  bar  of  the  material  a  strain  equal  i.  The  value  of 
E#  has  a  maximum  of  about  1,520  tons  weight  per  square  inch,  for  7= 
I-  ^/r/2  or  0.29.1  nearly. 

For  7=0-5  the  values  »t  and  «.  are  zero  supposing  E  finite,  but  for 
otber  values  of  7  one  can  obtain  numerical  measures  of  theseqnantities 
only  by  assigning  numerical  values  to  E.  Now,  if  the  earth  were  an 
elastic  solid  truly  spherical  but  for  its  rotation,  the  value  of  E  answer- 
ing to  a  given  value  of ;/  would  be  determined  &om  the  eccentricity  of 
tbe  surface.     But  the  action  of  the  gi'avitatioual  forces,  as  will  be  seen 

■See  <a)  fonniilip  (17),  {18a),  and  (19a),  p.  281. 

t  Tbe  calculations  treut  the  attrnctiOD  on  a  cubic  I'entimeter  of  water  at  the  enr- 
bcraa  equal  to  tbe  veigbt  on  giam.  lu  reality  of  coiirae  "gravity"  inclades  the 
"omlriftig*!"  force.  .-,  .vLtOOQIc 
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more  dear!;  ptv^eotly.  lai^ly  rvdnt^i?  tbe  wrrDtriMty  which  rotation 
would  |»rodaee  io  a  sphere  of  ^vm  inat«fiaL  Tbos  the  eccentricity 
vailing  inrer^T  as  K.  tb^  vahie  of  E  answning  to  a  giv^i  eccentric- 
itj"  is  Dwessarfly  coa-^derably  sii.a"«rr  «b<^  gravitational  forces  art 
aloDg  with  the  *-  ceDtrifo^l  ~  than  when  the  latter  act  alone.  Since  the 
«ir&ce  strata  are  very  variable  and  of  tLQch  smaller  mean  density  than 
the  earth  as  a  whole,  any  rah-alaii*'n  of  ibe  redoetion  of  oar  estimates 
of  E,  when  gravitational  furee?  are  allowed  for,  whii-h  treats  the  earth 
astrf  uniform  deii^ty  cun  d<.iI  lay.  etaim  to  great  ae*-oraey.  For  this 
reasMi.  and  ah**  bev-ao^  I  am  ^pn-ially  de^^irons  not  to  overstate  the 
ease  against  the  appiicatioaul'ciic  ma thematiud  theory.  I  have,  in  cal- 
ealating  the  x'ulnes  of  «,  aad  ■,  iit  Table  rv.  ast-ribed  to  E  the  ralaes  it 
would  posi$ess  in  ibe  total  ab>enee  of  gravitational  forces,  viz.,  the 
I'alaes  lOcA*  X  tU*  for  i<=Oaod  1:^:^0x10'  f»r  r=0-'J^  in  the  same  units  as 
before.  Tbenoueri^-nl  valar^aii^'ribt-dt-k««  and  a^in  the  table  arethns 
eesOTiti^Iy  minima.  whi«^'h  would  in  rvality  have  to  be  increased  proba- 
bly to  a  eon^iderabW  extent. 

It  will  be  seen  &ora  tbe  formuUf  and  from  Table  rr  that  when  tf  is 
zeroor  is  suialL  the  appliv-atiou  of  tbe  matbi-matiral  theory  woold  be 
fillip' justified  on  (he  greatest  strain  theory,  while  utterly  eondemned 
on  tbe  stress  difierenee  tbeiwy.  Tbe  priiH-i|>le  C  is  in  this  case  eu- 
tirel>"  in  agreeiuent  with  the  stress-differenre  tbeuty.  and  tbe  appJica- 
tiou  of  the  mathematical  theorj-  ean  in  fact  be  snppooed  only  by  those 
who  reject  this  pritH-iple.  and  I'onsider  it  possible  for  the  stre:s5-8train 
relation  to  remain  linear  thoagh  a  solid  sphere  is  reduced  to  one-foartb 
or  le<ss  of  its  original  volume. 

Noticing  from  ^1}  and  i'2)  that  E*  S=2r;,  we  see  that  fw  all  values  of 
n  less  than  O-o  the  stresfi-differem-e  theor:>-  is  less  favorable  to  tbe  view 
that  the  mathematieal  theory  is  applicable  than  tbe  greatest-strain 
theory.  If  there  is  any  tmth  in  either  theory,  the  earth's  material 
\>aii  not  possibly  possess  a  linear  stress-strain  relation  for  values  of  tj 
such  as  O--'")  I  •■  f.  with  a  structure  such  as  that  of  tbe  metals)  unless  it 
he  of  a  strength  «-oni)Ktretl  t»  which  that  of  steel  is  insignificant.  For 
such  valnes  of  »;  the  strains  are  als.>  enormonsly  in  excess  of  those 
which  can  be  admitted  according  to  the  principle  (f). 

When.  iMiwever.  n  appn>aches  the  limiting  value  O-.l  a  complete 
change  conies  over  the  features  of  the  case.  Tbe  maximum  stress 
difier«uc4'  and  all  the  strains  iHmiush,  eventually  \-anishing  when 
vsnV  Thus  none  of  the  objections  hitherto  en ti wintered  can  be  urged 
against  the  applii-ation  of  the  matheinaiical  thetay  when /;  equals  or 
«e>ar)y  equals  t*-o.  To  the  exa«t  value  0-5  of  » there  is.  I  admit,  a  physi- 
nkl  obje«-tiou.  which  would  doubtless  have  been  nrgwl  by  Maxwell,  vi«, 
-k.^.  ■«t)itosiug  Young's  modtilns  to  be  Unite,  this  implies  the  mate- 
absolutely  incompressible.    There  is  however  no  obvious 

Hich  tlwv  .tMH-lodf  *h»t  indi»inbber  ts  si 
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pfaysicaJ  objectiun  to  the  hypothesis  that  the  mitterial  is  very  uearly 
incompressible,  i.  e.  that  0*5 — ij  is  veiy  small;'  and  an  isotropic  sphere 
nith  such  a  stractnre  would,  according  to  sill  our  tests,  remain  i>er- 
fectly  elastic  when  possessed  of  the  earth's  mass  and  exposed  to  its 
fravitational  forces. 

In  onr  previous  estimate  of  the  value  of  K  the  action  of  the  gi'avita- 
tional  forces  in  reducing  the  eccentricity  was  not  talicn  into  account. 
II  the  principles  we  have  laid  down  as  regulating  the  applicability  of 
the  mathematical  theory  be  conceded,  we  need  only  consider  the  case 
when  0-5 — ^is  very  small;  and  since  the  formula  show  that  in  this 
case  a  small  variation  in  the  value  of  if  is  of  little  consequence,  we  may 
for  simplicity  suppose  t/=(i'5  exactly. 

In  order  to  show  the  nature  of  the  uncertainty  that  must  in  reality 
be  attached  to  the  result,  it  seems  desirable  t^t  give  a  general  idea  of 
the  way  in  which  the  existence  of  gravitational  forces  affects  theecceo- 
tiicity.  Let  us  imagine,  then,  that  over  the  surfaceof  a  perfect  sphere 
weightless  matter  is  piled  up,  which  transforms  the  surface  into  that 
of  a  slightly  oblate  spheroid  whose  polar  and  equatorial  semiaxes  are 
respectively  a — 2d/3  and  »+d/3.  Now  sup]>0Ke  the  heaped-up  mate- 
rial to  become  heavy.  The  pressure  it  exi'rts  on  the  surface  below  it 
is  greatest  in  the  equator  and  is  zero  at  the  poles.  Thus  the  originally 
spherical  surface  will  tend  to  sink  at  the  equator  and  to  rise  at  the 
poles;  consequently  the  difference  d  between  the  equatorial  and  polar 
eemiaxes  of  the  sphroidal  surface  will  diminish,  but  the  diminution  is 
clearly  less  the  smaller  the  density  of  the  heaped-up  material. 

tt  must  be  understood  that  this  does  not  profess  to  be  a  complete 
account  of  what  actually  happens;  but  it  may  suffice  to  show  that  the 
gravitatioual  forces  tend  to  reduce  the  eccentricity  which  the  centrifu- 
gtd  forces  t«ud  to  develop,  and  also  that  this  reduction  may  depend 
largely  on  the  density  of  the  surface  layers.  If  the  departure  of  the 
Borface  layers  from  the  earth's  mean  density  occurs  mainly  near  the 
equator,  tbeu  the  action  of  the  gravitatioual  forces  iu  reducing  the 
eccentricity  may  be  much  less  than  it  would  seem  to  be  on  the  hypoth- 
esis of  an  earth  of  uniform  density. 

Treatiug  the  density  as  uniform  and  r?  us  eqnal;  O-o,  I  find  that,  tor 
ft  given  value  of  E,  the  existence  of  the  gravitational  forces  would  in 
snch  a  case  as  th^t  of  the  earth  rciluee  the  dtff'ereni-c  between  the 
equatorial  and  polar  diameters  calle<l  for  by  the  rotation  in  the  ratio  of 
9  ;  40  approximately*.  Thus,  for  a  given  eccentricity,  the  value  of  E 
when  the  gravitational  forces  act  is  to  its  value  when  tlie  centrifugal 
forces  alone  exist  as  0  :  40.  So  in  the  supposed  case  of  the  earth,  we 
should  have  to  reduce  K  from  141  x  10''  to  32  x  10' grams  weight  per  stjuare 
centim.  The  maximum  stress-difference  reduces  to  7*2  tons  weight  per 
square  inch.  Thegrcatest  strain  remainsO.OOlS,  as  before,  but  it  would 
answer  to  a  purely  longitudinal  sti-ess  of  only  3-0  tons  iier  square  inch. 

■Cf.  (a)  formula  (21),  p.  283,  awl  (5),  p.  287.     .-,.  l;^  LiOO^Ic 
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Owing  to  the  less  deDsity  of  the  sarfoce  strata  these  rednctioDS  may  be 
considerably  too  groat,  so  that  it  is  advisable  to  regard  32  x  10*  as  essen- 
tially a  lower  limit  to  the  value  of  B.  As  stated  above,  the  nameiical 
result  for  the  value  of  E  would  be  bat  little  altered  if  we  sapi>08ed  7 
slightly  less  than  0-5;  but  rniless  0-6=17  be  very  small,  the  terms  iude- 
pendent  of  the  eccentricity  become  of  importance  in  estimating  the 
maximnm  stress  difference  and  greatest  strain. 

The  conclusion  to  which  the  previous  investigatiouH  leads  is  that  none 
of  the  principles  at  present  recognized  in  the  biconstant  theory  of 
isotropy  are  opposed  to  the  hypothesis  that  the  earth  possesses  in  its 
interior  an  isotropic  elastic  soUd  structure  with  a  linear  stress  strain 
relation,  provided  its  material  be  very  nearly  incompressible.  Bnt  the 
hypothesis  that  the  material  in  the  interior  shows  an  isotropic,  elastic 
structure,  snch  as  that  of  the  ordinary  metals  nnder  the  ordinary  coq- 
ditions,  to  which  they  are  exj>oaed  on  the  earth's  surface,  can  be  main- 
tained only  by  those  who  are  prepared  to  r^ect  the  usnal  theories  of 
the  rapture,  the  limitation  (C)  in  the  size  of  the  strains,  and  the  argu- 
ment introduced  here  from  the  theory  of  intermolecular  forces.  This 
raises  no  presumption  against  the  hypothesis  that  the  interior  is  in  a 
perfectly  solid  state,  and  possessed  of  such  a  chemical  constitution, 
say,  as  iron,  if  it  be  admittetl  that  it  is  of  a  material  in  which  the  liu- 
earity  of  the  stress-strain  relation  ceases  when  the  compression  becomes 
large. 

The  results  obtained  raise  no  presumption  for  or  against  the  theory 
that  the  earth  is  in  a  liquid  or  plastic  state.  They  merely  show  that 
any  argument  against  the  possibility  of  an  elastic  solid  structnre  in  a 
body  of  the  earth's /orm  is  without  foundation;  and  that  anyargumeut 
based  on  the  destructive  tendency  of  the  enormous  gravitational  forces 
in  a  solid  of  its  mass  is  inconclusive,  even  as  directed  against  such 
structures  as  are  compassed  by  the  ordinary  mathematical  theory.  It 
has  not  been  shown  that  an  teolotropic  solid  structure  of  some  kind,  or 
of  a  variety  of  kinds,  may  not  satisfy  all  the  conditions  as  well  as  or 
even  better  than  a  uearly  incompressible  isotropic  material.  The  pre- 
sumption is,  in  fact,  that  the  conditions  may  be  satisfied  in  an  infinite 
number  of  ways. 

It  mnst  be  borne  in  mind  that  there  ma;  be  fatal  objections  to  an 
elastic  solid  structure  which  do  not  arise  immediately  from  the  theory 
of  elasticity.  Such  an  objection  may  arise  from  the  rapid  increase  with 
the  depth  shown  by  the  temperature  near  the  earth's  surface.  My 
principal  reason  for  referring  to  this  Is  to  point  out  that  the  common 
argument  against  the  production  of  dnidity  by  the  high  intemtd  tem- 
perature (viz,  an  assumed  raising  of  the  melting  point  by  pressure)  has 
just  as  much  weight  for  a  nearly  incompressible  solid  earth  as  for  any 
other,  becanse  while  the  stress  difTerence  in  such  au  earth  is  small  the 
internal  pressures  are  very  large. 

Before  passing  to  the  second  part  of  the  paper,  I  have  to  confess  that 
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there  is  no  reason  to  believe  that  some  of  the  limitations  aasfgned  here 
to  the  application  of  the  mathematical  theory  will  be  accepted  by  all 
or  even  by  a  majority  of  the  elasticians.  In  fact,  the  mathematical 
theory  has  actually  been  applied  by  several  recent  writers  under  cir- 
cnmstances  when  most  or  all  of  the  limitations  proposed  here  are  vio- 
lated. For  instance,  this  is  to  a  certain  extent  the  case  in  Prof.  Dar- 
iria's  paper*  "On  the  stresses  caused  in  the  interior  of  the  earth  by 
the  weight  of  continents  and  mountains."  In  the  principal  part  of  the 
paper  he  supposes  ti=0.5,  when,  as  we  have  seen,  none  of  the  objections 
apply;  but  in  his  §  10,  in  order  "to  know  how  far  the  results  -  -  - 
may  differ,  if  the  elastic  solid  be  compressible,"  be  supposes  that  while 
the  rigidity  constant  is  finite  the  bulk  modulus  is  very  small.  In  other 
words,  he  applies  mathematical  formula  which  assume  7  as  nearly  equal 
to  —1.  Such  a  value  has  been  here  regardetl  as  impossible.  It  shonld 
also  he  noticed  that  if  t/  were  equal  — 1  then  E  wonld  vanish,  and  if 
7be  nearly  — 1  the  valueof  E  must  be  very  small.  Thus  the  strains  and 
displacements  given  by  equatious  2  to  4  would,  in  the  case  supposed 
by  Prof.  Darwin,  be  enormously  greater  than  even  those  given  in  Table 
IT.  I  do  not  observe,  however,  that  either  in  the  paper  itself  or  in 
one  supplementaryf  to  it  Prof.  Darwin  makes  any  explicit  reference  to 
llie  terms  in  the  strain  independent  of  the  angular  co-ordinates,  from 
which  the  equations  1  to  1  are  derived.  I  am  thus  unable  to  say 
whether  his  neglect  of  the  limitations  that  these  terms  are  here  regarded 
aa  setting  to  the  application  of  the  mathematical  theory  is  intentional 
or  not.  Again,  in  a  recent  paperf  "On  Sir  William  Thomson's  esti- 
mate of  the  rigidity  of  the  earth,"  Mr.  Love  has  also  considered  the  prob- 
lem of  the  earth  treated  asan  isotropic ela8tic8phere,moreespeciaUy  for 
tiie  value  of  0.25  of  if.  In  his  equations  14  and  lA  Mr.  Love  determines 
the  values  of  two  arbitrary  constants  which  occur  in  the  terms  inde- 
pendent of  the  angular  co-ordinates,  and  it  is  easily  seeu  that  the  ex- 
presBion  he  would  thence  obtain  for  these  terms  is  identical  with  mine.§ 
After  determining  the  second  constant  he  however  dismisses  the  sub- 
ject with  the  remark,  "This  -  -  -  gives  the  mean  radial  displace- 
meot,  a  matter  which  need  not  detain  us  here."  So  far  as  I  can  see, 
Mr.  Love  makes  no  reference  to  any  principle  such  as  O,  nor  to  the 
possibility  of  the  stress-strain  relation  ceasing  to  be  linear. 

I  ought  also  to  explain  that  in  my  paper  (a),  directing  my  attention 
solely  to  the  theories  of  rupture,  I  left;  out  of  sight  any  such  limitation 
as  (B)  or  (C),  and  treated  the  case  of  an  earth  in  which  7=0  as  one  in 
which,  according  to  the  gi'catest-strain  theory  of  rupture,  the  mathe* 
matical  theory  was  applicable.  I  also  failed  to  notice  that  the  case 
i?=0.5  was  sanctioned  by  the  greatest-strain  theory  aa  well  as  by  the 
stress-difference  theory. 

•  Phil.  Tram.,  1882,'pp^  187-230! 

t  Froceedinga  0/ Ike  Aoyal  ^oiiVfy,  vol.  xxxviii  (1885),  pp. 332-828. 

I  Tron*.  Camb.  Fhil.  Soc.yolKV,  pp.  107-118.  (^^mi-ioIc 

i  (o)  Eqnation  (17),  p.  281.  L:,y,i,.euL,,>^UUy  IC 
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II. — SOKE  GEOLOGICAL  THEOBIES. 

The  belief  tbat  the  present  spheroidal  forf^  of  the  earth  necessu- 
ily  betokens  a  previous  liquid,  or  at  least-,  plastic,  condition  seems 
among  geologists  almost  vt»  uuiversal  as  the  belief  that  the  earth  bat 
for  the  development  of  rotation  must  have  been  a  spherical  body. 
Whether  this  latter  conclusion  has  any  satisfactory  basis  apart  fix>m 
philosophical  sj^eculations  it  is  not  my  present  object  to  inquire.  Bat 
supposing,  for  the  sake  of  argument,  that  the  natural  form  of  the  earth 
as  undisturbed  by  rotation  in  spherical,  the  conclusion  that  it  ever  was 
in  a  liquid  or  even  in  a  plastic  state  throughout  is,  according  to  the 
preceding  results,  not  established  by  its  present  spheroidal  form.  Yet 
even  in  such  a  standard  work  as  Geikie's  Textitook  of  OeoUtffy,  after 
reading  the  discussion  on  p.  12  and  the  foot-note  attached,  I  £ail  to  de- 
tect a  trace  of  the  idea  that  the  polar  datt«niug  might  be  called  forth 
by  rotation  in  a  truly  solid  body. 

Various  geological  writers,  it  is  true,  speak  of  a  solid  earth  as  capa- 
ble of  changing  its  form,  but  they  seem  in  reality  to  regard  the  change 
as  due  to  rapture  or  to  the  development  of  a  plastic  condition.  This 
appears,  for  instance,  to  be  the  view  actually  held  by  Mr.  Herbert 
Spencer  in  a  short  paper*  entitled  "The  Form  of  the  Earth  no  proof  of 
Original  Fluidity."  This  paper  has  been  referred  to  with  a  somewhat 
inaccurate  conception  of  its  value  and  results  by  two  recent  geological 
writers,  so  it  claims  some  notice  at  our  hands.  The  first  of  the  two 
writers  referred  to,  Mr.  W.  B.  Taylor ,t  says:  *'  It  is  now  nearly  forty 
years  since  Herbert  Spencer,  with  a  juster  physical  insight  [than  Sir 
W.  Thomson  and  Prof.  Tait],  contended  and  satisfactorily  showed  that 
a  solid  eaiirh  (of  any  shape)  would  assume  the  oblate  spheroidtd  form 
due  to  its  rat«  of  rotation,  as  certainly  and  promptly  as  if  it  wera 
liquid."  The  other  writer,  Mr.  A.  Blytt,J  amongst  other  references  to 
the  paper  says,  "  I  believe  that  Spencer  is  the  first  who  expressed  the 
opinion  that  even  a  solid  earth  can  change  its  form." 

Mr.  Spencer,  after  some  stiitemeiits  as  to  the  relative  strength  and 
agility  of  large  and  small  animals,  such  as  elephants  and  fleas,  forma- 
lates  the  general  result  that  the  strength — trailed  also  "  resistance  to 
fracture  " — of  a  solid  structure  varies  as  the  square  of  its  linear  dimen- 
sions, while  the  "  agencies  antagonistic  to  cohesive  attraction,"  i.  (., 
gravitational  and  "  centrifugal "  forces,  etc.,  vary  as  the  cube.  Except- 
ing a  statement  that  this  is  obviously  true  of  simple  longitudinal  and 
torsional  stress,  the  following  is  the  sole  proof  of  his  very  general  law 
supplied  by  Mr.  Spencer:  "  The  strength  of  a  bar  of  iron,  timber,  or 
other  material  subjected  to  the  transverse  strain  varies  as  BD*/L;  B 


•  Fhi\.  Mag.,  1847,  [3]  vol.  XXX,  pp.  lW-196. 
I  American  Journal  of  Seitnct,  1885,  vol.  XXX,  pp.  258,  259. 

t  Phil.  Mag.,  May,  1889,  p.  415.     Trnnelated  from  Ni/i  Magatin/or  NatarviieMif 
btrne,  1889,  Bd.xxxi.    Smithtonian  Seport,  1889t  p.  333. 
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being  the  bremltb,  I)  the  depth,  and  L  the  length.  Suppose  the  size 
of  this  bur  tu  be  chauged,  whilst  the  ratios  of  its  dimonsions  continue 
the  same;  then  -  •  -  the  strength  will  vary  as  D^  ..."  (p,  195). 
The  following  is  the  cunulusion  dritwn  by  Mr.  Speneer:  •'  Viewed  by 
the  Ught  of  this  priiiviple,  the  fact  that  the  earth  is  an  oblate  spheroid 
does  not  seeui  to  afford  any  support  to  tlie  hypothesis  of  original  fluid- 
ity as  coDimonly  understood.  We  nuist  consider  that  in  respect  of 
its  obedience  to  the  geo-dynauiic  laws,  the  earth  is  fluid  now  and  must 
always  remain  so;  for  the  most  tenacious  substance  with  which  we  are 
acquainted,  when  subjected  U>  the  same  forces  that  are  uniting  upon  the 
earth's  crust,  would  exceed  the  limit  of  self-support  det«rmined  by  the 
above  law,  before  it  attained  T^inro-iiraTOiro  of  th«  earth's  bulk"  (i).196). 

Perhaps  if  one  knew  what  Mr.  Spencer  means  by  "  tlie  limit  of  self 
support,''  and  what  is  the  exact  distinction  he  draws  between  "  fluidity 
as  commonly  understood  "  and  *'  fluidity  in  respect  of  obedience  to  geo- 
dynamic  laws,"  one  might  be  in  a  position  to  form  some  estimate  of  his 
degree  of  physical  insight;  but  so  far  as  I  can  see  all  he  satisfactorily 
shows  is  an  extraordinary  agility  in  jumping  to  conclusions.  If  his 
meaning  is  that  deformation  must  accompany  the  aetiou  of  gravita- 
tiooal  and  centrifugal  forces,  he  might,  if  Maxwell's  view  be  correct, 
have  added  to  the  denominator  of  his  estimate  as  many  O's  as  the 
printer  could  spare;  but  if  it  is  the  rupture  of  an  elastic  solid  or  its 
transformation  into  a  plastic  state  to  which  he  refers,  as  seems  almost 
certain  ftvm  the  context,  he  must  have  formed  an  extremely  low  esti- 
mate of  what  strains  a  solid  can  stand. 

Ill  the  same  passage  Mr.  Blytt  refers  to  Mr.  Peirce,*  Sir  J.  W.  I)aw- 
BOU,f  imd  Prof.  J.  E.  Todd  j  as  holding  that  a  solid  earth  will  alter  its 
Bbajn  if  the  rate  of  rotation  vary.  The  views  of  Mr.  Peirce  I  have  not 
Been,  but  the  other  two  writers  mentione '  regard  the  solid  earth  itself 
as  changing  shape  only  by  means  of  a  succession  of  what  we  may  term 
catas trophies.  Their  views  seem  identical  with  tliose  which  Mr.  BIytt's 
translator  ascribes  to  him  in  the  following  words;  "The  sea  adjusts 
itself  ui  accordance  with  the  smallest  change  in  the  length  of  the  day 
-  -  ■  But  the  solid  earth  offers  resistance  to  change  of  form,  and 
begins  to  give  way  only  when  the  tension  reaches  a  certain  amount "  {p. 
418).  Mr.  Blytt  makes  several  distinct  references  to  the  subject,  and 
bis  remarks  are  not  perliaps  always  strictly  consistent.  This,  however, 
in  hardly  to  be  wondered  at,  since  he  gives  as  the  result  of  his  investiga- 
tious:  "As  has  been  stated,  there  prevails  ■  -  ■  a  disagreement  as 
to  bow  far  the  earth  will  change  its  form,  in  case  the  centrifugal  force 
varies.  Thomson  is  most  inclined  to  believe  that  it  will  not.  l>arwin 
ia  of  opinion  that  it  will.  And  among  otlier  physicists  whom  1  have 
consulted  a  similar  divergence  prevails  upon  this  point.     Une  thinks 

•  pToe.  J««r.  Acad.  Arl»  and  Nticmt,  i«73,  vol.  vii:,  p.  106. 

I  Slorg  of  lk«  Earth  and  Man,  ninth  editiou,  pp.  291,  202.  1  , 

t  American  Naturalht,  1883,  vol.  xvii,  pp.  15-26,  Bpeciallj'  pp.  IM,  19. '^^'^J^'^' 

H.  Mis.  334,  pt.  1 10 
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that  a  lengtheDing  of  the  day  even  by  several  hours  will  be  incapable 
of  altering  the  form  of  the  solid  earth;  another  believes  that  the  BoUd 
earth  will  probably  change  its  form  just  as  easily  as  the  sea"  {p,  421). 

If  Mr.  Blytt  should  ever  have  further  occasion  to  coasult  phyxicists 
on  this  or  any  allied  point,  he  would  find  an  exaet  definition  of  snch 
terms  iis  solid  a  certain  amount  of  protection  from  d  priori  8|>ecnlatioDa. 
Mr.  Blytt'a  own  principal  view  seems  due  iu  part  to  an  erroneous  inter- 
pretation of  Tresca's  experiments  on  the  flow  of  metalM  under  i>re8sure. 
They  do  not  in  reality  justify  his  statement  "By  reason  of  the  enor- 
mous pressure  which  jtrevails  in  the  interior  of  the  earth,  it  must  be 
snpi>osed  that  masses  fWim  a  uertiiin  depth  are  more  or  less  in  a  plturtic 
state"  (p.  417}.  It  was  in  fact  pointed  out  some  years  ago  by  theBev. 
Osmond  Fisher  *  that  the  existence  of  an  orifice  from  which  the  metal 
can  flow  constitutes  a  complete  difference  between  the  conditions  of 
Tresca's  exi)eriments  and  the  state  of  a  body  subjected  to  nearly  uni- 
form ipressare  all  round. 

Mr.  Blytt  apparently  does  not  stand  alone  in  believing  Sir  W.  Thom- 
son to  hold  that  the  solid  earth  is  incapable  of  altering  its  form  as  the 
rotation  alters,  and  that  it  possesses  the  same  eccentricity  as  when  it 
solidified.  Prof.  Darwin  in  Nature,  188«,  vol.  xxxiv,  pp.  420-423,  seems 
also  to  put  this  interpretation  upon  a  passage  he  qnotes  from  $  830  of 
Thomson  and  Tait's  '^Natural  Philonopkp,"  Supposing  this  interpre- 
tation correct,  Prof.  Darwin's  opinion  that  Sir  W.  Thomson  docs  not 
allow  "  a  sutBcient  margin  for  uncertainties"  expresses  only  a  part  of 
the  objections  I  should  entertain.  I  find  it  difficult  however  to  believe 
that  Sir  W,  Thompson,  who  elsewhere  gives  data  for  the  eccentricity 
produced  by  rotation  in  solid  spheres  of  steel,  can  actually  suppose  no 
change  at  all  in  the  eccentricity  to  follow  an  alteration  in  the  angular 
velocity.  Still  it  must  be  confessed  that  though  the  passage  eontaius 
the  statement,  "  It  must  necessarily  remain  uncertain  whether  the  earth 
would  from  time  to  time  adjust  itself  completely  to  a  figure  of  equi- 
librium adapted  to  the  rotation,"  its  most  natural  interpretation  is  that 
given  by  Prof.  Darwin.  I  nee<l  hardly  say  that  the  conclusion  that 
the  earth,  however  solid,  would  letaiii  a  constant  eccentricity  while  the 
rate  of  rotation  varied,  seems  to  me  directly  opposed  to  the  conclusions 
to  which  the  elastic  solid  theory  leads. 

Prof.  Darwin  himself,  in  his  paper  in  Nature  refers  to  Tresca's  ex- 
periments and  thinks  it  probabletherc  would  be  from  time  to  time  a  flow 
of  material  as  the  angular  velocity  altered.  One  of  the  "  uncertain- 
ties"  he  refers  to  is  the  possibility  that,  in  accordance  with  Dr.  Croll'st 
views,  a  greater  rapidity  of  denudation  in  equatorial  than  in  polar 
regions  may  have  reduced  the  eccentricity  markedly  below  the  valaeit 
IKtsscssed  when  the  earth  solidified.    He  does  not  seem  however  to 


•  Fkyiim  of  the  Earth's  Criut,  Ist  edition,  1881,  foot-note  p.  120. 

t  Climate  and  nme  (im<),  p.  336.  C()1)q|i' 
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refer  to  the  coneiderable  change  of  eccentricity  that  might  occur  in  a 
solid  tbroDgh  mere  variation  of  elastic  strain. 

As  regards  the  present  state  of  the  earth's  interior  there  are,  accord- 
ing to  Geikie's  Text-book,  p.  49,  ouly  three  theories  which  merit  serious 
consideration,  viz : 

(1)  That  there  is  a  solid  crust  and  a  molten  interior, 

(2)  ThAt  with  the  exception  of  local  vesicular  spaces  the  earth  is  per- 
fectly solid. 

(3)  That  the  earth  consists  of  a  solid  crnMt  and  nucleus  with  an  in- 
terrening  liquid  layer. 

According  to  the  Text-book,  the  theory  of  a  thin  emst  containing 
liquid  or  viscous  matter  is  exiwsed  to  "  weighty  and  indeed  insuper- 
able objections,"  p.  18,  and  "  is  dow  abandoned  by  most  geologists,"  p. 
43. 

Accordiog  to  Dr.  Croll  ■  the  "  general  opinion  among  geologists  "  is 
that  the  earth  "  consists  of  a  fluid  interior  surrounded  by  a  thick  and 
rigid  [really  solid)  crust." 

Prof.  Prestwich  t  believes  that  "  the  crust  rests  on  a  yielding  Bub- 
stratum,  and  that  of  no  great  thickness."  In  fact  he  advocates  the 
third  of  the  above-mentioned  theories,  aod  believes  30  miles  to  be 
probably  in  excess  of  the  crust's  thtcknesH.  Most  writers  on  the  sub- 
ject appear  to  have  subsidiary  theories  of  their  own. 

Whether  the  assurance  that  the  question  is  beyond  the  reach  of  ex- 
periment accounts  for  the  multitude  of  tlieorie.-'  and  the  confldence 
with  which  they  are  proposed,  is  a  question  for  philosophers  not  mathe- 
maticians to  consider,  but  it  seems  a  priori  a  jtossible  exi>lanation  of 
anch  a  declaration  of  faith  as  that  of  Mr.  W.  B.  Taylor:  t  "  The  liquid- 
ity of  our  globe,  and  the  relative  thinness  of  its  encrusted  (envelope — 
as  attested  by  all  legitimate  geological  induction — will  be  assumed 
without  misgiving  or  hesitancy,  and  the  supposed  matematical  argu- 
ments for  its  solidity  ignored  as  essentially  fallacious  and  wholly  in- 
coQcIoRive." 

Of  course  if  the  geological  evidence  were  conclusive,  it  would  be 
mere  waste  of  time  further  to  consider  the  matter,  but  the  evidence 
tb»t  satisfies  Mr.  Taylor  does  not  seem  to  carry  conviction  to  all  geolo- 
gists even  in  America.  Mr.  G.  Iiecker,§  for  instance,  who  api>ears  to 
have  same  practical  experience,  says:  "  For  a  considerable  number  of 
years  I  have  constantly  had  the  theory  of  the  earth's  solidity  in  mind 
while  making  field  observations  on  upheaval  and  subsidence,  with  the 
result  that  to  my  thinking,  the  phenomena  are  capable  of  much  more 
Batisfactory  explanation  on  a  solid  globe  than  on  an  encrusteil  fluid 


t  Grologg,  vol.  II,  p.  540. 

t  Ameriean  Janrnal  of  S , „ ,  ^ 

4  AiMTiean  Joumat  of  Scienee  (1890),  vol.  xxxix,  pp.  851,  ^3, 


t  ^KHTimn  ./unrnalo/.Vc'iena  (1885),voLXXX,  p.^0.    ^  OoOqIc 
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It  may  thuH  be  u<it  vholly  UDprnfltable  to  glance  briefly  at  some  of 
t]ie  arfnimeutn  wlii<;h  Mime  of  the  advocates  of  the  Revenil  theories 
baxe  on  their  ideas  of  the  properties  of  solid  bodies. 

Mr.  Taylor's  object  is  to  get  an  equatorial  circamference  some  10  per 
cent  in  exccHH  of  its  preHent  value,  so  as  to  nccoiiot  for  tlie  lateral  com- 
pression at  the  surface  observed  in  lunnntain  chains.  Thus,  following 
I'rof.  Darwin,*  he  supposes  the  earth  to  ha^'e  once  possessed  a  much 
djeuter  anfcnlar  velocity  thaa  at  present,  and  Rjieaks  of  a  "  consistent 
cniHt  (of  some  few  niitei*  thickness)"  as  having  formed  "  when  the  rota- 
tion of  our  planet  was  at  four  time8itHpreftentrate"(/.c.,  p.  257).  The 
equatorial  radius  would  then  have  been,  he  says,  some  4,35!)  miles,  and 
the  iK^lar  some  .tiSDl.  The  change  of  shape,  as  the  rotation  fell  off, 
would  ac<'nuiit,  be  thinks,  for  observed  phenomena.  He  considers  his 
coiiclusioiiH  opposed  by  Sir  W.  Thomson's  theory  that  the  earth  solidi- 
fied throughout  and  retains  at  least  approximately  its  original  eccen- 
tricity. It  i«  oil  this  p«»iut  that  he  refers  to  the  data  supplied  by  Mr. 
Herbert  Spencer's  "juster  physiciil  insight;"  and  he  adds,  apparently 
as  his  own  contribution  to  the  argument,  "  the  supiiosition  that  a  giauite 
mountain  or  equatorial  protuberance  400  miles  high  or  100  milt^s  high 
could  for  u  moment  supi>ort  itself,  would  hardly  be  entertained  by  a 
pnic^tical  engineer ;"  and  in  a  foot-note,  "  the  limiting  modulus  of  lieight 
of  agraniti)  pyramid  (equalling  one  side  of  its  square  ba.se)  is  somewhat 
loss  than  11  miles"  (/.  c,  p.  25S).  I  am  quite  rea<ly  to  agree  with  Mr. 
Taylor  that  if  solidiflcali<ni  occaired  under  the  conditions  he  supposes 
the  e<'contricity  nuist  have  altered  enormously  and  that  in  a  non-elastic 
way,  and  1  hardly  supposi*  that  Sir  W.  Thompson  would  opimse  this 
view.  Mo  one  however  so  far  as  I  know,  has  propounded  the  theorj' 
of  an  elastic  solid  spheroidal  earth  of  eccentricity  0.65  i-otating  com- 
ph'tt«ly  in  six  hours,  so  that  the  investigation  of  the  strains  and  stresses 
r»>i|nin>d  by  audi  a  theory  is  unneccssarj-.  I  cjin  quite  imagine  that  on 
any  pndMibh*  theory  of  density  the  magnitude  of  the  strains  is  hardly 
likely  to  bi<  consistent  with  the  application  of  the  mathematical  theory 
of  I'hwticity.  The  force  of  Mr.  Taylor's  remarks  as  to  the  pyramid  I. 
howe\'er,  fail  to  see.  Such  an  isolate^l  mass  exists  niuler  totally  differ- 
ent cimdilions  fn>m  any  portion  of  a  solid  sphere  or  spheroid,  and  one 
might  as  well  argue  as  to  the  imi>0!U<ibility  of  a  liquid  interior  from  tlio 
n>..t  ti...r ....  i.^..],|t)tt^i  liquid  cuhnuu  UK)  miles  high  has  not  yetbeeu 
i>  earth's  surface.  If  Mr.  Tsiylor  were  however  to  cal 
IS  nu<l  stresses  in  such  a  thin  shell  as  he  supposes,  of 
g  anything  iv.<eu)bling  the  sti-ucture  of  ordinary  rock, 
itatiou  such  as  he  mentions,  [  very  much  doubt  whether 
in  an  essentially  better  [MK^tioii  than  hia  imagiuarj* 

:icisni  Mr.  Taylor  (i>nsiders  the  question  of  the  probable 

:>■  of  our  idauet  quite  irrt-hMuut.  but  th^  "  temptation  is 

•/'*.(.  r™..7T l■;7^•^.  [..  JX!.  -;  ryGooj^fc  " 
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strong  to  waate  upon  it  a  collateral  glance  "  {I.  c,  y.  259).  Accordingly 
he  crashes  Sir  W.  Thomson's  argument  ■  from  the  tides  by  the  remark, 
"that  a  siliceona  cni9t  of  20  miles  average  thickness  and  an  overlying 
aqneoos  oceau  of  3  miles  average  depth,  should  have  (as  required  by 
the  argament)  so  equal  a  coefficient  of  mobility  that  sea  and  land  could 
thns  together  'rise  and  fall,'  might  well  bo  pronounced  incredible" 
((. «.,  p.  260). 

He  regards  Sir  W.  Thomson  as  very  seriously  damaging  his  own  ar- 
^ment  by  the  admission  that  tides  comparable  in  magnitude  with  those 
Dbservcd  would  oc(;ur  even  in  a  solid  earth  of  steel.  It  does  not  seem 
to  have  occurred  to  him  that  the  existence  of  a  difference  between  the 
motions  of  the  land  and  water  may  constitute  an  argument  for  solidity.t 

Mr.  Taylor  admits  one  difficulty  in  his  theory,  viz,  the  nature  and 
local  characteristics  of  the  plications  actually  observed,  and  remarks: 
"While  the  force  at  the  command  of  the  rotating  planet  is  abundantly 
snfllcient  -  -  -  evidently  some  siipplemcTitary  consideratiouB  are 
rwiuisite  to  give  the  observed  direction  to  this  force,"  -  -  -  "The 
mere  mechanical  difficulty  however  of  transmitting  stresses  through 
comparatively  undisturbed  areas  of  hundreds  of  miles  of  a  flexible,  fri- 
able, and  practically  plastic  crust — with  a  large  coefficient  of  viscous 
fiictiou  beneath — is  not  so  formidable  as  might  at  first  appear.  It 
most  be  borne  in  mind  that  the  pressures  derived  from  an  action  so 
slow  as  from  century  to  century  to  be  scarcely  sensible,  are  of  an  or- 
der of  very  great  intensity,  but  of  very  small  quantity"  (/,  c,  p.  265). 
Mr.  Taylor  also  infers  from  "  various  considerations  "  that  "  in  all  ages 
tooantain  building  hsis  been  at  a  maximum ;  that  is,  the  uplifted  heights 
have  been  the  greatest  which  the  average  thickness  of  the  crust  at  the 
time  was  ciipable  of  supporting ;  »o  that  the  former  has  been  a  constant 
fiiDction  of  the  latter,  the  ratio  being  probably  not  far  from  one-ftfth" 
(I.  c,  p.  365).  Mr.  Taylor  does  not  state  that  this  law  of  the  uplifted 
heights  is  true  of  all  lands  as  well  as  of  all  time,  but  the  possibility  that 
sach  may  be  the  case  is  rather  alarming.  He  enters  in  fact  into  no  un- 
necessary details  as  to  how  he  reached  his  conclusions,  so  that  all  one 
can  say  is  that,  measured  by  his  own  standard,  he  is  certainly  not  in- 
ferior in  physical  insight  even  to  Mr.  Herbert  Spencer.  Perhaps  when 
hecomestodeal  with  the  "supplementary  considerations"  he  may  sup- 
ply Bufficient  data  for  the  mathematician  to  follow  liim. 

Prof.  Prestwich,  in  his  Geology,  vol.  Il,  regards  the  "  present  very 
great  rigidity  of  the  earth "  as  being  proved  by  mathematical  and 
physical  investigations;  but  complains  of  a  "want  of  elasticity"  in 
the  methods  of  the  mathcmaticiaus  (p.  538).  According  to  him,  "  the 
hypothesis  most  compatible  with  the  geological  phenomena  is  that  of  a 
rentral  solid  nucleus  with  a  molten  yielding  envelope — not  fluid,  but 
viscid  or  plastic;  nor  is  it  necessary  that  this  magma  should  be  of  any 

'Xatural  Philoiophy,  Vol,  I,  part  n,  $833.      l,  „  ;-,  i  y  CiOOQ  Ic 
t  Se«  his  tBm&ikB,  I.  o.,  p.  260,  and  foot-note.  '^ 
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great  tbickQess ;  but  a  thin  cruBt  ia,  it  Beems  to  me,  an  essential  condi- 
tion" (p.  543).  Prof.  Prestwich  adduces  in  support  of  his  views  various 
arguments  from  geological  phenomena  which  seem  of  much  weight.  He 
has  also  various  arguments  of  a  more  or  less  physical  character,  bnt 
they  seem  to  take  a  good  deal  for  granted.  Thus,  on  p.  540,  refer- 
ring t«  plications  in  the  surface  rocks,  he  says,  "  if  the  earth  were  solid 
throughout,  the  tangential  pressure  would  result  not  in  distortiog  or 
crumpling,  but  in  crushing  and  breaking.  As  a  rule,  no  such  results 
are  to  be  seen,  and  the  strata  have  -  -  -  yielded,  as  only  a  free  surface 
plate  conld,  to  tbe  deformation  caused  by  lateral  pressiu'C  -  -  -  a  yield- 
ing bed,  on  which  the  crust  could  move  as  a  separate  body,  was  neces- 
sary." It  seems  to  me  that  as  the  phenomena  of  rupture  are  as  yet 
very  imperfectly  ascertained,  except  perhaps  for  a  few  simple  standard 
conditions,  Prof.  Prestwicb  has  very  little  to  go  on  but  H  priori  ideas. 
I  fail  to  see,  for  instance,  why  pressures  at  or  near  the  surface  of  a  solid 
sphere  should  necessarily  produce  fracture  and  not  flow.  Also  it  seems 
improbable  that  there  would  be  a  sharp  line  of  demarcation  so  as  to 
enable  a  crust — which  seems  clearly  to  mean  a  solid  superficial  layer — 
to  move  as  a  separate  body  on  a  "  yielding  bed."  Would  not  tbis  im- 
ply a  liquid  substratum  with  no  appreciable  viscosity  1  And  supposing 
there  were  a  substratum  of  tbis  kind,  is  there  any  sufficient  esperi- 
mental  evidence  that  a  solid  crust  of  even  a  few  miles  thickness  would, 
on  the  ialting  away  of  the  liquid  underneath,  go  into  folds  instead  of 
being  crushed  and  broken  1  Further,  can  plications  to  the  extent 
shown,  say  by  the  Alps,  be  reconciled  with  tbe  retention  of  contempo- 
raneous solidityl  Supposing  the  eari)b  to  be  essentially  solid  through- 
out, is  there  any  reason  why  the  strain  at  some  miles  below  the  surface 
should  not  locally  at  intervals  exceed  the  elastic  limit,  with  the  result 
for  a  time  of  a  state  of  How  or  plasticity  tliroughout  a  volume  of  greater 
or  less  extentt  During  such  an  epoch  there  would  exist  locally  condi- 
tions somewhat  resembling  those  which  Prof.  Prestwich  believes  exist- 
ent everywhere.  It  is  true  that  one  argument  adduced  by  Prof.  Prest- 
wich and  others  against  the  existence  of  separate  reservoirs  of  molten 
material,  viz,  the  similarity  in  the  character  of  volcanic  products  all 
over  the  earth,  applies  equally  against  such  an  hypothesis.  If  bow- 
ever  volcanic  products  be  supposed  to  come  from  several  miles  below 
the  surface,  I  see  no  obvious  reason  why  they  should  not  present  sim- 
iltu-  characteristics  everywhere.  Ko  conclusive  argnuient  can  well  be 
based  on  the  differences  observed  in  the  sedimentary  strata,  because 
the  conditions  under  which  such  strata  are  deposited  are  obviously  of 
a  varied  character. 

In  various  passages  of  Prof.  Prestwicb's  discussion  of  the  state  of  the 
earth  one  is  apt  to  be  puzzled  by  his  falling  into  the  practice,  by  no 
means  uncommon  in  geological  writings,  of  employing  physical  terms 
with  a  view  to  oratory  rather  than  to  exposition.  For  instance,  li« 
Bpeaks  of  contraction  "due  to  tbe  yielding  of  the  weaker  lines  in  the 
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cniBt,  when  the  teudiou  caused  by  tlie  excessive  strain  (and  of  which 
the  first  order  of  moTement  is  an  index)  orercomea  the  resistance,  and 
fractures  and  doubles  up  the  strata;"  and  he  adds:  "  Mountain  ranges 
are  in  fact  tbe  concluding  term  of  the  stress  which  caused  the  deforma- 
tion of  the  crust,  and  tlie  inovemouts  whicli  at  those  times  took  place 
mast  have  been  iudueaced  by  the  greater  energy  of  the  strains  tbeu  at 
work"  (p.  54(i),  It  is  difficult  to  see  here  what  is  intended  to  be  cause 
Mid  what  efifect.  In- fact,  while  a  number  of  t«rms  arc  employed  which 
in  mathematics  and  physics  have  a  fairly  defluit«  meaiung,  Imustcon- 
fess  my  inability  to  form  an  adequate  conception  of  what  is  meant  by 
tbe  passage  as  a  whole. 

Prof.  I'rostwich  refers  (pp.  54.3,  514)  to  the  hypothesis  of  the  lato 
Prof.  B.  Rocho  (in  the  reference  to  wliich  a  misprint  gives  the  year  1861 
for  ISSl)  as  supplying  something  of  the  kind  of  earth  he  wants.  Thus 
an  examination  of  Prof.  lioche's  work*  may  be  of  some  service. 

He  supposes  the  earth  to  consist  of  a  central  nucleus  or  "  bloc," 
homogeneous  but  for  a  [Mssiblc  accumulation  of  matter  of  greater 
density  at  tbe  center,  and  of  a  superficial  layer  of  lighter  material.  01 
the  nucleus,  with  the  possible  exception  of  a  small  core  of  heavier  mat- 
ter, he  says,  "  Ba  density  culcul^e,  de  7  ii  7-5,  indique  qn'elle  est  m^-  • 
talUque,  sans  doute  formiSe  de  fer  ■  -  -"  The  specific  gravity  of  tbe 
heavier  matter  which  may  possibly  exist  at  tbe  center  is,  he  says,  "  cer- 
tainement  bien  inffrieur  (to  18),  probablement  lOou  12(argent,plomb)," 
p.  235.  The  outer  layer  or  crust  be  supposes  to  have  a  specific  gravity 
abont  3,  and  a  thickneHS  of  about  one-sixth  the  earth's  radius.  Be- 
tween the  crust  and  the  nucleus  there  exists,  it  may  be  everywhere  or 
only  locally,  molten  matter  such  as  appears  at  the  surface  in  volcanic 
<laU>iir8t8,  but  the  total  volume  occupied  by  this  must  be  small.  Prof. 
Boche  takes  tliree  results  as  given,  viz,  the  earth's  total  mass,  the  eccen- 
tricity of  its  surface,  and  the  ratio  of  the  principal  moments  of  inertia, 
the  last  qoantity  beiug  deduced  from  astronomical  data.  He  satisfies 
aU  the  conditions  he  recognizes  by  the  aid  of  the  following  hypothesis 
regarding  his  nacleos;  "  Oe  bloc  a  pris  sa  forme  definitive  sous  I'influ- 
enee  d'une  rotation  moins  rapide  qu'elle  n'est  atyourdTioi,  et  il  a  con- 
serve I'aplatissement  cotres[K>ndant,  malgr^  les  accroissements  suc- 
cessifs  de  vit«sse  da  syst^me  i^soltanta  de  sa  contraction  progressive  " 
(p.  232).  In  other  words,  he  assumes  the  nucleus  to  have  solidified 
before  the  crust  and  that  it  retains  its  shajte  unaltered.  Thus  as  be 
regards  the  angular  vehtcity  as  increasing  in  consequence  of  tbe  dimi- 
nution in  tbe  moment  of  inertia  through  contraction  in  cooling,  the  nu- 
cleus possesses  a  smaller  eccentricity  than  the  cmst.  He  supposes 
only  a  small  difference  in  the  length  of  the  day  at  the  dates  of  the  two 
aolidiflcatioiis,  so  that  tbe  difl'erence  between  the  eccentricities  of  the 
QDcleos  and  crust  is  also  small.    This  however  in  no  way  justifies  his 

•AeaMmit  ■  ■  ■  de  3Ii>nlpeUiei-  Mimoire*  dt  la  Seotiom  dts  Seienea,  1880-0884,  tome 
dtxUone,  pp.  231-aH.  -  ,  .yGOOJ^C 
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hyimtliesis  tbat  the  uucleus  retains  its  form  uualtered.  If  its  material 
possessed  tlie  properties  of  an  elastic  solid  the  eccentricity  would  cer- 
tainly alt«r,  and  to  an  exti>nt  probably  quite  comparable  with  the  alter- 
ation tbat  would  have  occurred  if  it  bad  remained  fluid.  Prof.  Roche 
Heeins  in  fiKit  to  treat  his  nucleus  aa  possessed  of  the  properties  of  the 
wholly  imaginary  perfectly  rigid  body.  He  certainly  introduces  no 
equations  auch  as  ought  to  hold  over  the  surface  of  an  elastic  solid 
Hpheroid.  The  exact  view  he  adopted  as  to  the  properties  of  solids  it  is, 
however,  difQcult  to  decide.  On  his  page  241  a  brief  statement  would 
imply  that  be  did  not  regard  each  elementary  layer  of  a  solid  sphere 
as  of  necessity  totally  self-supporting;  but  on  pages  223,  224,  where 
the  discussion  is  lUIler,  be  says,  "Si  I'on  rejette  la  complete  fluiditd  de 
la  terra,  il  n'est  plus  possible  d'attribuer  it  la  compressibility  de  ses 
couches  la  mfinie  influence."  ..."  Dans  un  solide,  les  t«nHioDs 
lat^niles  sont  variables  et  acqui^rent  parfoisuoevaleur  ^uorme.  C'est 
ninai  qu'uite  couche  pourrait  se  soutenir  d'elle  memo  conune  une  espto 
de  votite,  sans  peser  sur  celle  qui  est  au-dessons."  A  solid  layer  sup- 
porting itself  like  an  arch  under  the  conditions  of  matter  near  tbe 
earth's  surface  treated  as  an  elastic  solid,  presents  strains  far  in  excess 
of  those  which  are  regarded  here  as  coming  within  the  range  of  the 
mathematical  theory. 

On  various  grounds  it  seems  to  me  that  the  criticism  of  a  want  of 
elasticity,  though  hardly  in  the  sense  inteuded  by  Prof.  Prestwich,  may 
he  stiongly  urged  ag«in«t  Roche's  investigations. 

Bouie  remarks  of  M.  Roche's,  on  his  pages  240,  241,  throw  considera- 
hle  light  on  his  standpoint  and  that  of  many  other  theorists:  "Les  as- 
tronomes  qui  persistent  a  admettre  la  fluidity  -  -  -  cherchent  ^ 
tiluder  les  objections  de  Hopkins  et  de  Thomson,  en  attribnant  -  -  ■ 
au  liquide  central  uneTiacosit.^assez  grande  pourque  -  -  -  rensem- 
ble  en  lU'rivo  i\  tonruer  tout  <rune  pi^-e  -  -  -  La  maase  tournante 
oflVe  uiie  telle  rigiditt'  qu'clle  est  assimilable  sous  ce  rapport  &  nn  bloc 
solidifl«S  niiu^  admettre  cctte  assimilation  revient  A  d^poniller  le  milieu 
interna  des  proprieties  onlinaires  des  Uqnides,  et  ^  lui  eu  conserver  le 
nom  tout  en  I'identiHaut  i\  nn  corps  solide."  He  proceeds  to  point  ont 
that  the  mere  question  of  a  name  is  of  no  account,  considering  our 
ignorauce  of  what  would  ])e  the  properties  of  matter  under  such  pres- 
aurt's  and  at  such  a  teni|>eniture  as  the  theory  of  fluidity  would  lead 
to.  His  line  of  argimient  is  not  very  clear,  but  there  is  no  hesitation 
np]iarent  in  his  conrluaion :  "  En  efiet,  la  pression  support^e  par  les 
(H)iiches  central(>.-«,  dans  la  supposition  d'une  rompl^te  fluidity,  d^pfls- 
xerait  deux  milli^uis  c(  denn  d'atmospheres.  La  grandeur  meme  dc  ee 
nouilin*  cat  iV  i>IIo  seule  une  olyoction  p*'remptoire  A  Thypoth^se  qui  J 
(MtndiiiU 

Such  a  ]M)sitiou  nA  this  may  Ih>  all  very  well  for  a  philosopher  ffho 

-  (Ih<  (>\lt>riiitl  world  It  mere  idea,  the  private  property  of  his 

and  !«>  ntHH>ssaril)'  olHHlivut  t»  laws  which  his  undwstaiidiDK 
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cm  fully  grasp,  or  for  a  scientist  who  believes  the  earth  created  for  the 
special  parpose  of  Bupplyiag  problems  of  precisely  that  amount  of  diffi- 
culty which  he  personally  is  able  to  solve,  but  fh>ni  a  common-sense 
point  of  view  it  seems  utterly  irrational.  No  physicist  or  geologist  has 
any  reason  to  suppose  that  there  are  not  numei-ous  problems  whose  full 
eompreheosion  requires  more  extensive  knowledge  than  is  possessed  by 
himself  or  any  of  his  contemjuraries. 

The  necessity  for  theories  has  been  eloquently  urged  by  Prof.  Dar- 
win,' who  says:  "A  theory  is,  then,  a  necessity  for  the  advance  of  sci- 
ence, and  we  may  regard  it  as  the  branch  of  a  living  tree,  of  which 
facts  are  the  nourishment."  Employing  this  simile,  I  must  confess  that 
the  subject  treated  in  this  paper  resembles,  in  my  opinion,  a  tree  which 
(wnbines  a  sad  deficiency  of  sap  with  a  great  superfluity  of  branches. 
It  will  I  dare  say  be  generally  admitted  that  the  premature  craving 
after  a  finality  of  knowledge  has  been  responsible  for  numerous  fruit- 
lesB  speculations  in  the  past,  and  it  seems  only  too  probable  that  the 
imp&tience  of  the  mind  with  its  own  ignorance  is  the  principal  founda- 
tion of  much  of  the  theory  of  to-day.  The  satisfaction  derived  from  the 
eoiit«mplation  of  simple  and  comprehensive  laws  may  suffice  perhaps 
(o  prove  that  the  powers  of  the  mind  are  limited,  but  hardly  that  the 
processes  of  nature  are  simple. 

'Nature,  1886,  vol.  xxxiv,  p.  420,  AildreM  to  British  Auociation,  section  A. 


itized  by  Google 


,i,i.aB,  Google 


ORIGIN   OF   THE   BOCK  PRESSURE   OP  NATURAL  GAS  IN 
THE  TBBHTON  LIMESTONE  OF  OHIO  AND  INDIANA." 


By  Edward  Oeton. 


THB  rMPOBTANCB  OP  THE  PEODUCT. 

Natural  gas  derived  from  the  Trenton  limestone  has  sttpplied  during 
the  last  year  and  is  now  sapplying  all  the  fael  and  a  considerable  part 
of  the  artificial  light  that  is  used  by  at  least  four  hundred  thousand 
people  in  northwestern  Ohio  and  in  central  Indiana.  Within  the  same 
limits  it  IB  the  basis  of  a  varied  line  of  manufactures,  the  annual  prod- 
net  of  which  will  make  an  aggregate  of  many  millions  of  dollars.  More 
than  forty  glass  furnaces,  not  one  of  them  three  years  old,  are  now  in 
very  succeasful  operation  within  the  territory  named,  while  iron  and 
st«el  mills,  potteries,  and  brick  works,  and  a  long  list  of  factories  in 
which  cheap  power  Is  a  desideratum,  have  been  bailt  up  on  all  sides 
with  wonderfU  rapidity. 

The  largest  gaa  production  of  the  Trenton  limestone  that  has  yet 
been  reached  is  to  be  credited  to  the  present  year.  A  well,  drilled  early 
last  summer  at  Stnartsville,  6  miles  north  of  Findlay,  produced  through 
the  caong,  a  pipe  5|  inches  in  diameter,  28,000,000  cubic  teet  of  gas 
every  twenty-four  hours.  There  are  but  few  wells  in  any  field  that  ex- 
ceed these  figures.  Most  of  the  wells  so  reported  have  been  estimated, 
not  measured. 

An  equally  astonishing  advance  has  been  made  in  the  oil  prodaction 
of  this  rock  within  four  counties  of  northwestern  Ohio.  Single  wells 
drilled  during  the  last  year  have  begun  their  production  at  a  rate  of 
10,000  barrels  per  day,  and  more  than  200,000  barrels  of  total  produc- 
tion are  already  to  be  cre<lited  to  single  wells  of  the  new  field,  while 
a  considerable  number  have  passed  the  100,000<barrel  mark. 

THE  ROCK  PBESetJBE. 

The  rock  pressure  of  the  gas  is  a  vital  factor  in  all  this  production. 
To  its  energy  is  due  the  propulsion  of  the  volatile  fiiel  from  the  wells 
where  it  is  released,  throngh  20,  30,  60  miles  of  buried  pipes,  to  the 

*  RMd  before  the  Geological  Society  of  America,  December  26,  1S89.     [From^tte 


BtdUtiK  Otolog.  Soa.  Aaur.,  March  1,  1690,  vol.  i,  pp.  87-9i.) 


156  ORIGIX   OF    ROCK   PEESSURE   OF   NATURAL   GAS. 

cities  wliicli  it  supplies  witli  the  uiiBi>eakiibIe  advaiitag&t  of  Rnseotts 
fnel.  It  is  the  same  eaiise  that  lilts  tlie  oil  from  the  loc'k  in  all  ttowtng 
wells. 

By  rock  pressure  is  meant  the  pressure  which  a  (jaugo  shows  iu  s 
well  that  is  locked  in  after  the  drill  hiia  rea<'hed  the  gas  reservoir.  The 
iron  tubing  of  the  well  becomes  by  this  nieaiiH  a  part  of  the  reservoir, 
and  the  same  conditions  as  to  pressure  are  supix>se4l  to  pertain  to  it 
that  are  found  in  the  x>orous  rock  below. ' 

The  rot^k  pressure  of  gas  varies  greatly  iu  different  fields  and  to  a 
less,  but  still  an  important,  extent  in  diftorent  portions  of  the  same 
field.  The  highest  n)ck  pressure  recorded  in  the  Trenton  limestone  is 
about  650  i>ounds  to  the  square  inch,  while  there  are  considerable  por- 
tions of  the  gas  territoiy  that  never  reach  300  [wunds  pressure  i>er 
square  inch.  The  original  pressure  in  the  Findlay  field  was  450  pounds, 
varying  somewhat  in  wells  of  different  depths.  In  the  Wood  County 
field,  from  which  the  largest  amount  of  gas  is  now  being  conveyed  t« 
Ohio  cities,  the  original  pressure  ranged  from  420  to  480  imunds,  the 
general  pressure  being  counted  460  i>ouiids  to  the  square  inrb.  There 
were  occasiounl  records  made  of  still  higher  pressure  in  single  wells, 
but  of  such  case*  the  number  is  very  small,  and  the  existence  of  these 
anomalous  pressures  wiis  short  lived. 

Passing  to  the  westwai'd,  the  gas  wells  of  Auglaize  and  Mercer  coun- 
ties show  a  decided  reduction  in  original  rock  pressure  as  compared 
with  Findlay,  though  the  depths  of  the  wells  remain  the  same  as  in  that 
field.  The  highest  pressure  recorded  in  Mercer  County  is  390  pounds 
to  the  square  inch,  but  no  gauge  was  applied  to  the  wells  until  they 
had  been  allowed  to  discharge  without  restraint  for  several  months, 
while  375  and  350  jwunds  mark  the  extreme  limit  of  other  portions  of 
this  district. 

In  the  Indiana  field  a  still  further  reduction  of  rock  pressure  is  to  be 
noted.  The  range  of  the  principal  Indiana  wells  is  between  250  and  335 
pounds  to  the  square  inch.  The  Indiana  gas  wells,  as  compared  with 
Ohio  gas  wells,  are  markeil  by  a  reduction  in  total  depth,  as  well  as  in 
rock  pressure,  the  figures  for  depth  in  the  productive  territory  seldom 
or  never  passing  1,000  feet. 

How  can  these  variations  be  accounted  for!  Back  of  this  question 
is  a  larger  one,  viz :  What  is  the  origin  of  the  rock  pressure  of  natural 
gasi 

THEORIES  OP  ORIGIN  OF  ROCK   PRESSITRB. 

Considering  its  importance,  the  main  question  has  received  less  con- 
sideration than  would  naturally  be  expected.    The  known  literature  of 
the  subject  is  very  meager.     Prof.  J.  P.  Lesley,  in  the  Annual  Ruport 
'  "^'  "-'^nxylranin  Surrey  {or  ISS.'i,  discussed  the  question  at  greater 
I  any  other  geologist,  so  far  as  I  know.    In  a  pawy  pub- 
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Irshed  in  the  American  Manu/aeturer,  May  27, 1887,  I  threw  out  a  few 
saggflstioQs  aato  the  vaufto  of  rcHik  pressare,  and  tliese  Kutrgestions  1 
afterwanls  fixpfinded  into  a  more  extended  ^tatenieut,  in  the  sixth  vol- 
ume of  the  Geology  of  Ohio,  p,  90.  Prof.  I.  C  White  remiudtt  me  that 
he  suggested  an  explanation  in  tlie  journal  named  above  at  au  earlier 
dflte  than  either  of  those  given. 

Tlie  men  who  are  engaged  in  the  practical  development  of  gas  and 
oil  fields  make  great  account  of  rock  pressure.  It  is  the  first  fact  that 
they  inquire  after  in  a  new  gas  field.  They  apitrcciatu  its  importance 
ill  whatever  ntilization  of  the  gas  tliey  may  propose,  knowing  that  the 
distance  of  the  markets  that  they  can  reach  au<l  tlie  size  of  the  pipes 
that  they  can  employ  are  entirely  dependent  tii>oii  this  element.  These 
practical  men,  so  called,  are  as  is  well  known,  among  the  most  veu- 
tmesome  of  theorists,  and  a  question  like  this  would  not  be  likely  to 
be  left  unanswered  by  them.  A  certain  niugh  correspondence  that 
exists  between  the  depth  and  the  rock  pressure  of  wells  is  made  of  great 
account  in  explanations  that  they  ofl'er.  In  other  words,  the  pressure 
iH  supposed  to  be  due  to  the  weight  of  the  overlying  rocks;  ami  next 
to  this  we  find  among  them  the  expansive  force  of  gas  the  favorite  ex- 
planation of  the  phenomenon. 

In  the  paper  of  Prof.  Lesley,  already  referred  lo,  the  learned  author 
BOglgests  the  two  possible  explanations  of  rock  itressnre  already  named, 
and  to  this  be  adds  a  third,  viz,  hydraulic  pressure;  but  be  adds  this 
explanation  only  to  reject  it  as  a  true  cause  of  the  i)henomenon  under 
discnssion.  The  absurdity  of  the  more  commonly  received  explanatiou 
of  rock  pressure,  as  due  to  the  dcjith  of  the  well — in  other  words  to  the 
veight  of  the  overlying  country — he  sets  in  such  clear  light  in  his  dis- 
cDwion  that  no  further  consideration  of  this  is  required  on  the  part  of 
those  who  are  open  to  reason.  Until  we  can  prove,  or  at  least  render  it 
probable,  that  the  gas  rocks  have  lost  their  cohesion  and  that  they  exist 
ftt  the  depths  of  storage  in  a  crushed  or  comminuted  state,  no  explana- 
tion can  Ik^  based  upon  the  weight  of  the  overlying  rock  in  account- 
ing for  the  force  with  which  the  gas  escapes  from  its  reservoirs  when 
they  are  i)enetratod  by  the  drill.  I'rof.  Lesley  throws  the  whole  weight 
of  his  authority  in  fa^or  of  the  view  that  the  gas  "  produces  its  own 
pressure  like  gas  geneniti'il  by  chemical  rea<^lion  in  a  closed  vessel." 
Tbis  explanation  certainly  leaves  something  to  be  desired,  for  it  fails  to 
account  for  the  most  significant  and  important  facts  in  this  connection, 
viz,  the  difference  of  rock  pressure  in  diflercnt  lo<'aIities  and  at  differ- 
ent depths.  To  at^cept  it,  brings  ns  no  ailvanta^fc  whatever  beyond  the 
satisfaction  that  we  may  feel  in  ha\'ing  an  answer  at  hand  that  can  be 
promptly  given  to  a  troublesome  in<iuiry. 

For  my  own  part,  I  have  felt  certiiin  for  more  than  two  years  that  the 
rock  pressure  of  gas  in  the  Trcnt/m  limestone  of  Ohio  and  Indiana  is 
hydrostatic  in  origin,  and  I  hnve  published  a  number  of  facts  that 
Beem  to  me  to  give  support  to  this  view,    I  find  tiiat  some  sagacit^ot^ 
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»\HfraUttn  in  the  new  gae  and  oil  fields  are  coming  to  tlie  same  ground. 
T\n:y  have  become  thoroaghly  Batisfled  by  their  own  experieDces  that 
the  nint  of  rock  pressure  is  to  be  found  in  the  water  column  that  stands 
t'4iiinecte<l  with  the  porons  roclc  iu  wtiich  the  gas  and  oil  are  contained. 
lir  the  premint  paper  I  desire  to  present  to  the  Geological  Society 
a  taw  facts  and  conclusions  bearing  upon  the  subject. 

TUK  DATA  FOB  THE  HYDBOSTATIC  THEORY. 

Thil  first  qiiOHtion  is,  What  are  the  facts  as  to  the  rock  pressures  of 
t  ho  gas  roi-k  in  question  and  what  relations  do  they  bear  to  the  depth 
of  w»11h  and  other  conditions  in  the  Trenton  limestonef  The  answer 
Ih  not  an  f\ill  and  definite  as  may  be  expected,  certainly  not  ae  may  be 
di^HlriHl.  There  is  but  one  datum  in  the  development  of  a  gas  field  in 
wlilch  the  normal  gas  pressure  can  be  ascertained,  and  that  is  when 
the  first  well  rettches  the  reservoir  and  releases  the  long-imprisoned 
and  |irt«tly  compressed  gas.  But  often  this  favorable  opportunity  is 
lo!*(,  and  gauge's  are  not  applied  to  wells  until  the  energy  of  the  first 
llow  Is  somewliHt  abateil.  Again,  difierent  wells  in  the  same  field,  as 
l''luiUay,  for  example,  give  different  resnlte.  The  wells  vary  with  the 
doptli  at  which  the  gas  rock  is  found.  This  factor  is  found  to  be  an 
tiitmiiiMal  oui\  as  will  presently  be  shown,  in  connection  with  rock  pres- 
mire.  Mitnv>\*er,  gau]!«8  are  sometimes  inaccurate  and  their  errors 
wmiP  III  to  c«nf\iw  the  study  of  the  subject  Furthermore,  the  exact 
tli>|itU  of  the  \rells  and  theexart  attitude  of  the  surface  where  they  are 
|<)iHili>tl  ran  uot  Ite  HSrertHined  in  all  cas^s.  Small  errors  of  this  sort 
milHl  Im>  pi-ovidetl  for.  and  there  also  enters  into  the  discussion  a  ques- 
Miiii  AN  (uthe  specific  ^rravity  of  the  water  which  is  to  be  made  the  mov- 
Inn  fiti><o  of  ga«  and  oil.  The  water  fimnd  in  association  with  th^e 
MnltHlmu'VM  is  neA-<r  fi-esh.  It  is  alwa>-i:  saline  and  often  highly  miner- 
alunl.  The  weight  of  fr<e^  w^ater  to  the  square  inch  is  0.43285  pound 
t\il'  I  l\>ot  in  height  ,1  nse  Pixtfe^^w  Le^tley's  tables).  The  average 
ttoltihl  of  se*  water  is  fl.44.'t  ixMind  to  the  square  inch  fiw  1  foot;  but 
Die  miuenU  witters  with  which  we  find  the  Trenton  limestone  saturated 
«rten  r»^ch  a  much  higher  fitnirc.  An  eitaminatioD  of  severaJ  speci- 
nit>im  ntvitw^i  that  a  e>tlamn  1  fitoi  hiiih  wttuhl  weijrh  to  the  square  inch 
tV*.ti  i^iMtnd.  In  fi»ct,  s**»>et»f  tl>«>Nc  w^tt^'r^are  more  like  bitterns,  and 
t  heir  eolnnins  wf>Hld  eqnal  or  e\»s>i>i  (X.>  jtoand  piT  foot. 

IVvanng  l>wwo  acx-emU  s»*ar«v-  of  ambipiily  or  uncertainty  in  mind,  we 
(■jtH  rtM»^^^le^  the  ixviwls  ,tf  ^wxvs!.nr«\  depth.  *i>d  the  <41ier  fiictora  that 
a»>'  rtiiiiwible.  nie  ftsiires  as  lo  pressure  have  already  been  snmma- 
U'rt(  in  «  pTweding  pai-«irrrti'h.  bat  ihcj  *  ii:  he  repeaWd  in  an  acoom- 
iwm  lUft  l*b«W  Matemetn,  IVti^re  eiMnhii:  t.i  this,  however,  let  me  in 
iWlHMiM  tenmN  ivmcv  iW  t>iiitl;ii<'i)is  nixlco-  which  ga&oiL,  and  salt 
H*'  he  Trent.*)!  lin>e>ton<v    ThrnppersBOtabeilsaf  the  great 

"  hffl  iunrtiHi»-eMorinMi(.v(>,"nrr*]  and  noniietn  Indiana, 

«>s  and  \\  t»ti>^U!M  n  »>i(»wjit  oi' « jyavns  drtomite  5, 50, 100, 


ORIGIN  OF  BOCK   PBES8URE  OF  NATDHAL  GAS.  159 

or  even  150  feet  in  tbickness.  Sometimes  the  dolomite  is  found  in  a 
continnoQB  body,  bat  oftener  in  interrapted  beds.  This  i)art  of  the  for- 
mation has  outcrops  in  the  Manitonlin  iskuidsof  Lake  Superior  and  in 
theGalena  limestoneof  Illinois  and  Wisconsin.  In  the  gas  and  oil  fields, 
it  is  foand  lying  In  terraces  and  monoclines,  or  fiat  arches,  800  to  1,600 
feet  below  the  sorfoce;  and  these  several  featnres  effect  the  separation 
of  the  varied  contents  of  the  porous  rock.  The  boundaries  of  gas,  oil, 
and  salt  water  are  easUy  determinable  and  are  scnipulously  maintained 
in  the  rock,  except  that  as  soon  as  development  begins  the  salt  water 
in  always  the  aggressive  and  advancing  element.  When  the  drill  de- 
scends into  the  gas  rock  proper  dry  gas  escapes;  when  into  the  contig- 
nona  and  lower-lying  terrace,  oil  accompanied  with  gau  appears,  as  al- 
ready described ;  bnt  at  a  little  lower  level  Halt  water  is  struck,  and  this 
rises  promptly  in  the  well,  sometimes  to  the  point  of  overflow.  Par  out 
from  the  narrow  ridges  or  restricted  terraces  where  gas  and  oil  are  found 
the  salt  water  reigns  undistorbeid,  and  wherever  reached  by  the  drill  it 
rises  in  the  wells  as  in  those  already  described.  It  wonld  be  in  the  high- 
est degree  absurd  to  count  the  little  pockets  of  gas  that  are  found  in 
the  arches  the  caase  of  the  ascent  of  this  ocean  of  salt  water  a  score 
or  a  hundred  miles  away.  The  rise  of  the  salt  water  is  nnmiBtakably 
artesian.  It  depends  on  hydrostatic  pressure,  as  does  the  flow  of  all 
artesian  wells,  and  its  bead  must  be  sought,  as  in  other  like  flows,  in 
the  higher  portions  of  the  stratum  that  are  contiguons. 

The  nearest  outcrops  of  this  porous  Trenton  have  been  already 
named.  They  are  found  in  the  shores  of  Lake  Superior  at  an  altitude 
of  about  600  feet  above  tide.  It  is  certainly  eigiiiflcaut  that  when  an 
abundant  flow  of  salt  water  is  struck  in  a  boring  in  nortiieni  Ohio  or 
in  Indiana,  no  matter  at  what  depth,  it  rises  generally  about  to  the  level 
of  Lake  Superi(tt;  or,  in  other  words,  about  600  feet  above  tide.  If  the 
month  of  the  well  is  below  this  level,  as  is  the  case  in  the  Wabash  Val- 
ley, the  salt  water  overflows.  On  the  shore  of  Lake  Erie  the  water 
rises  to  within  20  feet  of  the  surface;  in  Findlay,  to  within  200  feet. 
The  height  to  which  the  salt  water  rises  in  any  portion  of  the  field  is 
one  of  the  elements  to  b«^  used  in  measuring  the  force  which  can  be 
eierted  on  the  gas  and  oil  that  are  caught  in  the  traps  of  the  terraces 
and  arches  of  the  porous  Trenton  limestone. 

Why,  then,  is  not  the  rock  pressure  of  the  gas  the  same  in  all  por- 
tions of  the  new  horizon  t  For  the  obvious  reason,  I  reply,  that  there 
is  a  varying  element  involved,  viz.,  the  depth  of  the  rock  belotp  aea  Uvel. 
The  sorfoce  elevations  at  the  wells  vary  greatly,  and  the  wells  of  the 
same  depth  consequently  ftnd  the  gas  rock  in  very  different  relations 
to  sea  level. 

THE  TKBT  0¥  THE  HYDROSTATIC  THEORY. 

It  is  obvious  that  if  an  explanation  of  the  i-ock  pressure  of  the  Tren- 
tOL  limestone  gas  is  attempted  on  this  basis,  there  are  facts  enough 
now  at  command  to  substantiate  or  overthrow  it.    By  the  facts  it  must 
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stand  or  fall.  Id  the  accompanyiog  table  I  have  indicated  the  follow- 
ing lines  of  facts  as  to  strictly  representative  wello  in  the  leading  dis- 
tricts of  the  new  gas  fields,  viz,  (1)  location,  (2)  depth  atvhich  gas  a 
found,  (3)  relation  of  this  depth  to  sea  level,  (4)  the  initial  rock  pree- 
snre  of  the  gas.  In  regard  to  the  last  line  of  facta  I  have  taken,  in 
almost  nil  cases,  figures  that  I  have  myself  vwified.  (6)  A  fifth  colamn 
I  add,  ill  which  the  pressure  due  in  the  particular  well  is  calculated 
from  the  two  following  elemeuts,  viz,  an  assumed  elevation  of  the  sah 
water  to  the  Lake  Superior  level,  or  600  feet  above  tide;  and,  secondly, 
an  assumed  specific  gravity  nf  the  salt  water  of  the  Trenton  of  1.1, 
which  gives  a  weight  of  0.476  pound  to  the  foot 
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These  figures  seem  to  me  to  settle  the  question  as  to  the  origin  of  the 
rock  pressure  of  the  gas  in  this  formation.  I  feel  suqp  that  nicer  de- 
terminations of  the  facts  involved  as  to  altitude  and  depth  would  bring 
a  still  closer  agreement  between  columns  four  and  five.  I  will  ask  you 
to  note  in  particular  the  facts  as  to  the  St.  Mary's  and  the  St.  Henry's 
wells.  They  have  practically  the  same  depth,  1,159  and  1,156  feet; 
but  there  is  a  difierence  of  3S  feet  in  the  depth  of  the  gas  rock  with 
reference  to  sea  level.  There  is  a  corresponding  difference  in  the  rock 
pressure  of  15  {loundn,  as  recorded.  The  dilferencc  iu  roi'k  pressure 
duo  to  this  38  feet  by  calculation  is  13.8  pounds,  or,  practically,  15 
pounds.  I  presume  that  column  five  is  as  near  the  truth  in  this  par- 
ticular as  colmtm  four.  The  gauge  would  quite  certainly  be  reported 
3^^  pounds  if  it  lacked  but  1  or  2  pouuds  of  that  number. 

THE  LAWS  OP  GAS  PEODUCTIOH. 

The  laws  of  gas  and  oil  production  and  accumulation  are  coming  to 

livht.  more  cleitrly  iu  the  flat  country  of  Ohio  and  Indiana  than  they 

vei'  done  among  the  hillpi  and  valleys  of  the  older  Alleghany 

Ah  it  seems  to  me,  no  more  important  deduction  from  the  uew 
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districts  has  been  reached  than  tbe  law  now  stated,  viz:  The  rock  pres- 
*»re  of  TrenUm  HmeaUme  gas  i»  due  to  a  salt-water  column,  measured 
from  about  600  feet  above  tide  to  the  level  of  the  utratwn  tckick  yield*  the 
ga».  The  colnmn  can  be  conveniently  coauted  aa  made  u)>  of  two  parts, 
viz.,  a  fixed  length  of  600  feet  added  to  tbe  depth  of  tbe  gan  rock  below 
tide. 

If  this  explanation  is  accepted  as  satisfactory  for  Trenton  limestoue 
gHH,  I  ventnre  to  suggest  that  tbe  fact  will  go  a  great  ways  towards 
rendering  probable  a  like  explanation  for  rock  pressure  in  all  other 
gas  fields;  bnt  I  will  not  at  the  present  time  venture  to  extend  it  be- 
yond the  limits  I  have  named.  I  am  aware  of  certain  facts,  or  at  least 
sflpposed  facts,  from  the  older  fields  that  seem  difficult  of  explauatiou 
on  tbia  basis. 

There  are  a  few  obvions  inferences  from  this  law  to  which  I  veDture 
to  call  your  attention  in  closing  this  paper : 

(1)  There  is  no  danger  that  the  great  ^as  Teservoirs  of  to-day  will 
■'tftvo  iii^or  "blow  up"  after  the  gas  is  withdrawn  from  them.  The 
fniBwill  not  leave  the  poms  rock  until  the  salt  water  obliges  it  to  leave 
by  driving  it  out  and  taking  its  place. 

(2)  This  doctrine  lays  the  ax  at  the  root  of  all  tbe  optimistic  theories 
which  blossom  out  in  every  district  where  natural  gas  is  discovered, 
and  especially  among  tbe  real-estate  operators  of  each  new  field,  to  the 
iffect  that  nature  will  not  fail  to  perpetually  maintain  or  perpetually 
renew  the  supplies  which  we  find  so  delightfiilly  adapted  to  our  com- 
fort and  service.  So  far  as  we  are  concerned  it  is  certain  that  nature 
lias  done  about  all  that  she  is  going  to  do  in  this  line.  Tn  her  great 
laboratory  a  thousand  years  are  as  a  single  day. 

(3)  No  doctrine  could  exert  a  more  healthful  infinence  on  the  commu- 
nities that  are  enjoying  theinestimableadvantagesofthenew  fuel  than 
tbia.  If  it  were  at  once  accepted  it  would  add  years  to  the  duration  of 
these  precious  supplies  of  power.  The  ignorant  and  reckless  waste 
lltat  is  going  on  in  the  new  gas  fields  is  lamentable.  The  worst  of  it 
(wnes  fi-ora  city  and  village  rorporatious  that  are  bringing  the  gas 
within  their  bonndaries  to  give  away  to  manufacturers  whom  they  can 
induce  on  these  terms  to  locate  among  them.  To  characterize  the  use 
of  a  million  feet  of  natural  gas  a  day,  in  a  single  town,  for  burning  com- 
mon brick,  for  example,  or  in  calcining  common  limestone,  there  is  a 
good  word  at  hand,  viz.,  vandalism. 

(4)  If  this  doctrine  of  the  rock  pressure  of  gas  is  the  true  one,  the 
geologists  who  have  to  deal  with  the  subject  and  the  communities  that 
liare  found  a  supply  owe  it  to  themselves  to  keep  it  prominently  before 
the  people  who  are  especially  interested.  They  may  make  themselves 
temporarily  disagreeable  thereby,  but  by  just  80  far  as  they  convince 
those  that  are  interest«d,  they  lengthen  the  life  of  these  precious  sup- 
plies. 

a.  Mis.  334,  pt.  1 11  L:,y,i,.euL7GoOQle 
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THE  DUEATION  OP  GAS  SUPPLY. 

Judging  &om  the  present  iudicatioua,  the  Trenton  limestone  gas  of 
Ohio  is  not  likely  to  be  long-lived.  It  seenm  entirely  probable  that  the 
term  of  it«  further  duration  can  be  stated  nithin  the  limits  of  nnmbers 
that  are  expressed  by  a  single  digit.  In  considerable  sections  of  the 
held,  the  salt  water  is  very  aggressive.  It  requires  a  steadily  increas- 
ing pressure  on  the  wells  to  hold  it  bach.  In  onedistrict  la8tyear,one 
hundred  and  twenty-flve  pounds  iiressure  would  keep  the  gas  dry,  while 
now  two  hundred  pounds  ace  required  for  the  same  purpose. 

There  is  likely  to  be  great  disappointment  in  regard  to  what  is  called 
gas  territory.  The  pressure  and  volume  of  large  areas  are  foand  to  fail 
together.  Wells  draw  their  supplies  from  long  distfuices.  A  farm,  or 
even  a  mile-square  section,  may  be  eB'ectually  drained  of  its  gas  with- 
out a  well  being  drilled  upon  it. 

Natural  gas  is  a  very  admirable  product,  but  its  highest  office,  ^ter 
all,  should  be  to  prepare  the  way  for  something  better  than  itself,  vii., 
artificial  gaseous  fuel — better,  for  the  i-easou  that  while  it  furnishes  all 
the  intrinsic  a«tvantageB  of  natural  gas,  it  will  be  free  from  the  inevita- 
ble disadvantages  of  treasures  aecared  in  the  way  in  which  the  stores 
of  the  great  gas  fields  have  been  gained. 
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The  hot-water  fuuDtains,  called  geysers,  are  natural  wonders  that  are 
of  general  as  well  as  scientific  interest.  The  striking  manifestation 
which  they  afford  of  the  earth's  internal  beat,  their  great  heanty,  and 
novel  surroundings  make  them  indeed  worthy  of  that  widespread  inter- 
est which  they  arouse,  and  it  is  in  the  hope  of  frratifyin^  a  general  cn- 
rioHity  concerning  these  wonderful  fountains  that  the  present  paper 
has  been  written. 

At  the  outset  of  this  inquiry  into  the  nature  and  occurrence  of  these 
natural  steam  engines  it  is  necessary  to  exactly  define  what  is  a  gey- 
wrT  Briefly,  a  geyser  is  a  hot  spring  which  intermittently  ejects  a  col- 
nom  of  boiling  water  and  steam.  Before  attempting  to  present  such  a 
general  account  of  the  various  geyser  regions  of  the  world  as  will  en- 
able the  reader  to  follow  the  deductions  derived  from  a  study  of  the 
occurrence  and  the  characteristics  of  geysers,  it  may  be  well  to  present 
a  summary  of  the  paper. 

It  is  believed  that  the  facts  recordeil  in  this  article  show : 

First.  That  geysers  occur  only  in  volcanic  rogions,  and  in  acid  vol- 
canic rocks.  In  Iceland  iind  New  Zealand  the  volcanic  fires  are  still 
active.  In  the  YeUowstoue  region  the  lavas  are  chiefly  of  pre-glaeial 
age. 

Second.  Geysers  occur  only  along  lines  of  drainage,  on  shores  of  lakes 
oc  other  situations  where  meteoric  waters  would  naturally  seek  the  sur- 
fatx.    Unheated  waters  are  often  found  issuing  in  close  proximity  to 


Third.  Geyser  waters  are  meteoric  waters  which  have  not  penetrated 
to  great  depths  but  have  been  heated  by  ascending  vapors. 

Fourth.  The  supply  of  heat  is  derived  from  great  masses  of  lava 
slowly  doling  from  a  state  of  former  incandescence,  heating  waters, 
which,  descending  to  the  hot  rocks,  ascend  as  highly  heated  vapors. 

Fifth.  The  intermittent  spouting  of  geysers  is  due  to  the  gradual 
lieatiiig  of  water  accumulated  in  fissures  or  tubes  in  the  rocks,  the  only 
mechanism  necessary  being  a  tube,  which  may  or  may  not  have  local 
expansions  or  chambers.  [:uii,^eu  r.  GoOQ  Ic 
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Sixth.  (leyKvi's  may  originate  in  tteveral  way?,  though  most  coDimonly 
pixMliifcd  Iiy  the  oiieniiig  of  new  waterways  aloiig  Unsure  [ilanes  of  tbe 
rwckH,  by  a  givulua]  eating  out  of  a  tube  by  aaceodiug  hot  vapora. 

Seventh.  Tbe  thermal  activity  of  geyser  rej^ous  is  not  rapidly  dying 
out.  The  decrease  of  beat  is  very  slow,  and  tbongb  changes  take  place 
from  year  to  year,  the  establishment  of  uew  geysers  and  new  hot  springs 
offsets  tbii  decay  or  drying  up  of  old  vents. 

Attempts  to  solve  the  mysterious  spouting  of  geysers  date  back  to 
the  earlier  part  of  tbe  present  epoch  of  scientific  research,  aud  tbe 
genius  of  Bunsen  and  Deseloiseaux  was  devoted  to  a  study  of  the  Ice- 
land geysers  as  early  as  1847.  The  most  important  result  of  their  ex 
perinients  and  observations  was  a  tbeory  of  geyser  action,  now  (with 
slight  modifleatious)  generally  accepted,  but  other  conelusioiis  have 
lately  been  proven  by  observations  made  in  the  Yellowstone  Park  to  be 
erroneous.  Although  numerous  visits  to  the  geysers  of  Iceland  by 
later  observers  led  to  various  ingenious  speculations  and  theories  re- 
spe<-,ti»g  geysfr  eruptions,  the  questions  of  geyser  origin  and  the  sig- 
niflgance  of  their  occurrence  and  other  questions  of  broader  scope 
were  not  touched  upon. 

Tlie  discovery  of  the  geysers  of  New  Zealand  appears  to  have 
awakened  interest,  more  because  of  tbe  wonderfully  beautiful  terrnced 
basins  about  the  geysers  of  Rotomahana  than  fi'om  any  appreciation 
of  the  opportunity  afforded  for  a  study  of  the  geysers  themselves,  their 
relations  to  tbe  geological  structure  of  tbe  country,  or  their  raiton 
d!Stre;  and  not  until  the  mapping  and  study  of  the  Yellowstone  geyser 
basins  wan  made  by  tbe  Hayden  survey,  was  there  the  slightest  attempt 
to  look  at  the  broader  questions  awaiting  solution.  In  his  final  report, 
after  giving  an  account  of  various  theories  of  geyser  action.  Dr.  Peale 
discusses  very  briefly  various  pecularities  of  geysers  and  tbe  supposed 
influence  of  atmospheric  charges  aud  couclndes  with  a  statement  of 
tbe  three  conditions  he  believes  to  be  necessary  to  the  existence  of 
geysers  which  are  essentially  conflrmed  by  tbe  long  continued  study  of 
tlie  Yellowstone  region  by  the  writer. 

In  looking  at  the  distribution  of  geysers  in  various  parts  of  tbe 
world  one  is  quickly  impressed  with  their  great  rarity.  Hot  springs 
abound  in  many  countries,  but  boiling  springs  are  characteristic  only 
of  regions  of  recent  (that  is  geologically  recent)  Tolcanic  activity;  it  is 
only  in  such  regions  that  geysers  occur.  Until  late  in  this  century 
Iceland  was  the  only  land  where  geysers  had  been  found.  Less  than 
forty  years  ago  they  were  discovered  in  considerable  numbers  in  New 
Zealand,  and  since  then  a  few  others  have  been  reported  ftom  other 
pivrts  of  tbe  world.  The  "Geyserland"  of  the  world  is  undoubtedly, 
however,  the  Yellowstone  National  Park,  a  region  situated  in  the  heart 
of  tbe  Rocky  Mountiiins,  at  the  head  waters  of  the  Missouri  and  Yel- 
lowstone, and  discovered  so  late  as  1809. 

L:,y,l,.euL7G00^Ic 
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In  order  to  bring  before  the  reader  a  general  idea  of  the  true  relation 
of  geyser  vents  to  the  surrounding  topography  and  water  courses  of 
the  districts,  a  brief  description  of  the  three  great  geyser  regions  of 
the  world  will  be  attempted.  It  has  been  my  good  fortune  to  have 
spent  seven  summers  at  the  various  geyser  "  basins  "  of  the  Yellow- 
stone in  coDoectiou  with  my  duties  as  assistant  geologist  on  the  17.  3. 
Geological  Survey  party,  auder  Arnold  Hagne.  The  other  regions  are 
Guuiliar  Itom  a  large  series  of  excellent  photographs  as  well  as  through 
the  descriptionB  of  friends  and  the  writings  of  other  visitors  to  those 
countries. 

THH  ICELASD  G£T8£B8. 

.  Iceland  is  the  birthplace  of  the  word  geyser.  It  has  been  called  the 
land  of  frost  and  fire,  and  indeed  in  no  place  are  the  evidences,  nay  the 
very  forces  themselves,  of  frost  and  fire  brought  so  forcibly  in  contrast. 
The  island  is  eminently  a  volcanic  region,  a  central  table-land  with 
Kbarp  volcanic  peaks,  hooded  with  great  Jokuls  or  glaciers,  man- 
tled with  perpetaal  snows,  and  surrouuded  by  a  more  or  less  narrow 
»trip  of  lowland  bordering  upon  the  sea.  Tbe  evidences  of  internal 
fire  are  unmistakable.  Hecla  and  other  volcanoes  are  occasionally 
active,  and  the  whole  island  is  covered  with  lava  poured  out  by  the 
volcanoes,  and  the  source  of  the  heat  supplying  the  geysers  is  unques- 
tioned. 

As  would  naturally  be  expected  from  the  combination  of  water  and 
fire,  hot  springs  are  abundant  and  at  a  few  localities  geysers  are  found. 
The  most  noteworthy  of  these  is  Haukadal,  where  The  GLeyser,  Strokr, 
and  a  smaller  geyser  are  found.  This  locality  is  about  70  miles 
from  Beyldavik,  the  Iceland  metropolis,  and  is  only  reached  on  horse- 
back over  beds  of  clinkers  and  rough  lava  fields;  a  dreary  ride  so  far 
as  scenery  goes,  but  of  fresh  novelty  to  visitors  from  warmer  lands. 
The  hot  springs  are  clustered  in  an  area  of  about  20  acres,  at  the  base 
of  a  hill  about  an  eighth  of  a  mile  long  and  300  feet  high,  and  at  the 
edge  of  the  marshy  bottom  that  stretches  out  toward  the  Hvita  Kiver. 
The  springs  are  really  at  tbe  base  of  tbe  seaward  border  of  tbe  liigh 
gntiiiid  where  tbe  waters  that  have  percolated  through  tbe  tufas  and 
purous  lavas  of  the  higher  region  would  come  to  the  surface.  Tbe  two 
geysers,  Strokr  and  The  Geyser,  issue  from  mounds  of  gray  or  white 
nlica  de])ORit«il  by  tbe  hot  waters,  and  tbe  neighboring  springs  are  sur- 
rounded by  lesser  areas  of  the  same  material,  while  on  the  hillside  back 
of  the  springs  tbe  rock  is  decomposed  by  the  steam  of  fumeroles.  These 
two  large  spouters  show  two  types  of  geysers.  Strokr  has  a  funnel-bke 
pit  36  feet  deep  and  8  feet  across,  (see  fig.  1,  page  174,)  expanding  into 
a  saucer-like  basin.  Tlie  tube  is  generally  filled  to  within  6  feet  of  the 
top  with  clear  water,  which  boila  furiously,  owing  to  the  escape  of  great 
babbles  of  steam  coming  from  two  openings  in  opposite  aid^^f^thb. 
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tdbe.  The  entptions  are  quite  an  benntifbl  as  tbose  of  ita  more  famouH 
companion,  the  jets  rieiiig  in  a  sheaf-like  column  to  a  height  of  100  or 
more  feet,  eruptious  taking  place  at  very  irregular  and  long  intArrals; 
bnt  by  patting  a  lid  on  this  great  kettle,  by  dumping  in  large  pieces 
of  tnrf,  an  ern])tion  can  be  produced  in  n  short  time. 

TheGeyaer,  on  the  contrary,  is  a  pool  of  limpid,  green  water  whoee 
snr&ce  rises  and  falls  in  rhythmic  pulsations.  The  nsniU  temperatore 
is  bat  170°  F.  or  200^  F.,  but  varies,  being  greater  immediately  befuie 
an  emption.  The  shallow,  sancer-Iike  basin  is  about  60  feet  across  and 
Mlopes  gently  to  a  cylindricalshaft  10  feet  in  diameter,  forming  the  pipe 
of  the  geyser;  this  is  about  70  feet  deep.  This  regularity  of  the  tube  be- 
comes important  when  we  consider  Bunsen's  experiments  and  the  theory 
of  geyser  attion  he  deduced  from  them.  Before  an  einption  bubbles 
of  steam  entering  the  tube  Ruddeitly  collapse  with  loud  but  muffled  re- 
ports and  a  disturbance  of  the  quiet  surface  of  the  water.  DoringtbiB 
simmering,  for  such  it  is,  the  water  rises  in  dome- like  mounds  over  the 
pi|>e  and  overflows  the  basin,  running  down  the  terraced  slope  and  wet- 
'  ting  the  caoltflower-like  forms  of  sinter  that  adorn  it. 

Tlie  ernpt  ions  that  so  longpuzzled  and  astonished  visitors  to  this  re- 
mote land  are  surpassed  by  those  of  the  giants  of  the  TellowstoHe, 
but  tbeir  Iteuuty  is  not  less.  A  abort  time  before  Oeyaer  plays,  tlie 
domi^  (if  water  rising  in  the  center  ofthe  basin,  come  in  quick  succession 
and  finally  burst  into  spray,  followed  by  a  rapid  succession  of  jets  iii- 
i-reasiog  in  height  until  the  column  is  100  feet  high.  Dense  clouds 
of  fiteam  momentarily  hide  the  glistening  sheaf  of  jets,  hiding  it  fW>m 
night,  then  drifting  away  in  the  breeze  agrain  reveal  the  sparkling  shaft. 

These  emptions  have  varied  much  in  appearance  and  height  since  tlie 
geyser  was  first  known.  At  present  the  column  does  not  exceeil  90 
n-et  and  the  eruption  lasts  but  a  few  moments.  After  it  the  basin  is 
■tmpty  and  seems  to  be  lined  with  a  smooth  coating  of  white  silica. 

THE  UEYSERS  OP  NEW   ZEALAND. 

The  geysers  of  New  Zealand  are  sitaat^d  in  a  region  clothed  witb  a 
luxuriant  vegetation  that  is  in  strong  contrast  to  the  bleak  and  barren 
Isvfl  lields  of  Iceland,  but  an  examination  of  the  position  of  the  springs, 
with  rejipect  to  the  physical  features  of  the  region,  shows  that  tbe 
HJtiiiition  iif  the  geysers  is  nearly  the  same  in  these  antipodal  isles. 
'I'Ik'  New  Zealand  geysers  occur  in  the  North  Island,  in  what  is  knovD 
AH.  the  volcanic  region,  or  the  Taut>o  zone.  Within  an  area  of  4,12.) 
Mjuiiri!  miles,  in  which  none  bnt  volcanic  rocks  are  found,  there  are  sii 
volcMiHM-K,  and  great  numbers  of  solfataran,  fumeroles,  mud  volcs^ooea. 
■dtiii  hot  Hprings,  and  many  geysers.  The  lavas  are  all  of  the  acid  tj-pr, 
luoMtly  rliyolit^%  but  are  hidden  by  surface  decomposition  and  an  abun- 
'itut  vegetation,  save  apou  the  flanks  of  the  peaks,    ^be  axial  lineof 
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tbJB  n>ne  mnniiig  northeaet  is  marked  at  each  end  by  an  active  vol- 
cano, and  its  course  by  a  line  of  greatest  hyilrotlkHrnial  activity;  a 
sinnooB  line  of  bot  springs  following  well  marked  geographic  featares 
of  river  valleys,  low  plains,  and  lake  margins,  with  higher  conntry  on 
either  side  riaing  to  plateaus  of  2,000  to  3,000  feet  above  the  sea. 

Little  is  known  of  tbe  geyaera  on  the  sh  jres  of  Lake  Taupo,  or  those 
on  the  banks  of  the  Waikato  River,  bat  the  famous  terraces  of  Bo- 
tomahaoa,  called  the  eighth  wonder  of  the  world  by  James  Anthony 
Fronde,  attracted  attention  to  the  geysers  which  formed  them,  and 
made  their  vicinity  the  best  known  part  of  the  district.  The  warm 
take,  called  by  the  Maoris,  Botomahana,  was  a  shallow  body  of  warm 
water,  about  a  mile  long,  and  a  quarter  of  a  mile  broad,  comprising 
185  acres.  The  waters  were  of  a  dirty,  greenish  hue,  reflecting  the 
somber  green  of  the  fern  and  the  ti-tree-covered  slopes  about  it,  and 
the  sedgy  margins  sheltered  large  numbers  of  duck  and  other  water- 
fowl. Kiaiug  above  its  surface  like  stairways  of  delicately  sculptured 
marble,  were  the  pink  and  white  terraces.  At  the  top  of  the  terrace, 
120  feet  above  the  lake,  was  the  Terata  geyser,  whose  overflow  had 
built  Qp  thiH  wonderful  work  and  filled  tbe  basins  and  pools  with  wa- 
ters whose  tints  were  both  the  delight  of  the  eye  and  the  despair  of 
tbe  pen. 

The  geyser  caldron  was  some  60  by  80  feet  across,  its  clear  and  boil- 
ing water  nsually  overflowing,  and  occasionally  ejected  to  a  height  of 
40  to  100  feet,  wetting  the  steep  banks  of  bright-colored  fumerole  clays 
about  the  crater,  but  not  forming  tbe  beaded  geyserite,  characteristic 
at  HO  many  of  these  fountains.  Such  eroptious  followed  a  period  of 
qnieacence,  when  the  waters  retire<l  within  the  pipe  for  many  hours. 
Owing  to  the  comparative  inaccessibility  of  the  caldron  and  the  beauty 
of  the  terraces,  bat  few  observations  are  on  record  of  the  action  of  the 
geytter.  The  water  carried  150  grains  of  solid  matter  to  the  gallon,  of 
which  one-third  was  silica,  and  the  daily  outflow  of  100,000  to  600,000 
t^ons  per  hour  brought  np  10  tons  of  solid  matter  dissolved  out  of 
the  nnderlying  rocks.  It  is  easy  to  see  what  great  underground  cav- 
erns would  be  formed  by  this  geyser  alone  in  a  comparatively  brief  time. 
Id  the  volcanic  outbreak  of  Tarawera,  in  June,  1886,  the  waters  of  the 
hike  and  underground  reservoirs  were  drawn  into  the  newly  opened 
flssnre,  and,  by  t)ie  extraordinary  explosion  that  followed  the  terraces 
were  destroyed,  and  the  site  of  Rotomahara  became  a  crater  that  threw 
mad  over  the  surrounding  country. 

THE  YELLOWSTONE  "  OBVSERLAND." 

The  wonderfol  variety,  the  great  number,  and  .the  large  size  of  the 
geysers  of  America,  found  in  the  TeHowstone  National  Park,  demand 
aMKiiewhat  longer  account  of  this  region,  which  I  am  the  more  willing 
to  give  oa  it  has  been  niy  good  fortune  to  have  spent  a  large  poHl^N 
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tiie  past  nine  anmmers  in  a  study  of  its  geyaers  and  liot  springs.  To 
many  readers  this  region  ia  doubtless  familiar.  The  geysers  are  fonnd 
in  detached  groups,  occupying  basins  or  valleys  of  the  great  table-laud 
which  forms  the  central  portion  of  the  park,  a  region  whose  heavy 
forests  and  uninviting  aspect,  combined  with  the  ragged  nature  of  tiie 
encircling  monntain  ranges,  so  long  proved  a  barrier  to  exploration 
even  to  those  adventurous  trappers  and  prosptwtora  of  the  Great  West, 
and  deferred  the  discovery  of  this  marvellous  region  until  so  recent  a 
date  as  1869. 

The  geyser  "basins,"  as  the  localities  are  termed,  conform,  in  their  re- 
lations to  tlie  Burronnding  high  ground  and  their  coincidence  with  lines 
of  drainage  and  the  loci  of  springs,  to  the  laws  governing  the  distribu- 
tion of  the  same  phenomena  in  other  partM  of  the  world.  The  park  itself 
ia  a  reservation  of  about  3,500  square  miles,  the  central  portion  being  an 
elevated  volcanic  plateau,  accentuated  by  deep  and  narrow  cailona  and 
broad  gentle  eminences,  and  sun'ouiidcd  by  high  an<l  rugged  mountain 
ranges.  This  central  portion,  whose  average  elevation  is  about  8,000 
feet  above  the  sea,  embraces  ail  the  hot-spring  and  geyser  areas  of  tbe 
park.  The  volcanic  nctivitj'  that  resulted  in  the  formation  of  the  park 
plateau  may  be  considered  as  extinct,  nor  are  there  any  evidences  of 
&esh  lava  flows.  Yet,  the  hot  springs  so  widely  distributed  over  the 
plateau  are  convincing  evidence  of  the  presence  of  underground  beat 
There  iano  doubt  that  the  waters  derive  their  high  temperature  from 
the  heated  rocks  below,  and  lliat  the  origin  of  the  heat  is,  in  some  wayi 
associated  with  the  source  of  volcanic  energy. 

The  various  geyser  basins,  or  fire  holes,  as  they  were  called  by  the 
first  explorers,  each  possesH  individual  peculiarities  which  give  charac- 
ter and  interest  to  each  locality.  The  most  noted  of  these  "  basins"  is 
however  that  known  as  the  Upper  Geyser  Basin  of  the  Pirehole  River, 
one  of  the  headwaters  of  the  great  Missouri.  This  "  Upper  Basin,"  asit 
ia  generally  called,  lies  a  little  westward  of  the  center  of  the  park,  and 
is  reached  by  a  ride  of  some  60  milea,  over  excellent  roads,  ftom  tbe 
railroad  terminus.  It  is  a  valley  of  1^  miles  long  by  one-half  mile 
broad,  inclosed  by  tbe  rocky  cliffs  or  darkly  wooded  slopes  of  the  great 
Madison  Plateau,  and  drained  by  the  Firehole  Biver,  along  whose 
banks  the  largest  geysers  are  situated.  The  whole  floor  of  tbe  valley 
is  fairly  riddled  with  apringa  of  boiling  water,  whose  exqnisite  beauty 
is  indescribable.  Light  clouds  of  fleecy  vapor  carl  gently  upward  fiWD 
watera  of  the  purest  azure  or  the  clearest  of  emerald,  and,  encircling 
rims  of  white  marbje-like  silica,  form  fit  setting  for  such  great  gemfc 
A  large  part  of  the  vaUey  door  is  covered  with  the  white  deposit  of  silica 
known  as  siliceous  sinter,  deposited  by  the  overflowing  hot  waters.* 
The  weird  whiteness  of  these  areas,  the  gaunt  white  trunks  of  pine  trees 
killed  by  the  hot  waters,  the  myriad  pools  of  steaming  crystal,  and  the 

"Sec  "Formation  of  Hot  Spring  ileponitH,"  W.  H.  Weed  Nintk  Jur.  R^.  DiTKlei 
V.  S.  tleological  Surveg,  ISSa. 
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wbitecloods  Boating  off  from  the  cluiiiDey-like  geyaer  oones,  form  a 
scene  never  to  be  forgotten  by  those  fortunate  enough  to  behold  it. 
Within  this  basin  there  are  nearly  thirty  geyeers,  presentiag  many 
rariations  of  bowl  or  basin,  mound  ami  cone,  and  whose  emptions  are 
equally  diversified  in  form  and  beauty. 

Sentinel,  Fan,  Cascade,  Biveraide,  Mortar,  and  Grotto,  greet  one  on 
eDt«r)Dg  the  basin,  either  by  quiet  steaming  or  by  dashing  jets.  Uiant, 
^lendid,  Oastle,  Grand,  Giantess,  Lion,  and  Old  FfuthfUl  are  but  a 
kw  of  the  wondrous  fountains  of  the  place.  The  last  is  most  deserving 
of  its  name.  Gyery  Hinceits  discovery,  in  1870,  ithas  not  fiuledtosend 
ap  A  graceful  shower  of  jets  at  a  regular  interval  of  sisty-flve  minutes. 
Its  beaoty  is  ever  varying,  as  wind  and  sunlight  play  upon  it,  and  the 
Donnd  about  its  vent  is  adorned  with  delicately  tinted  basins  of  salmon, 
pink,  and  yellow,  filled  with  limpid  water  whose  softness  is  enticing.  It 
is  the  geyser  of  the  park,  and  indeed  of  the  world,  and  many  a  visitor 
to  ''geyserland"  departs  without  seeing  any  other  of  the  many  spouters 
in  action  and  yet  feels  more  than  repaid  for  the  journey.  For  beauty 
of  Burroundiugs,  the  Castle  will  perhaps  be  awarded  the  palm;  its 
sinter  chimney  or  cone  is  formed  of  exquisite  cauliflower  or  coral-like 
geyserite  whose  general  form  makes  the  geyser's  name  appropriate.  Its 
eraptions  are  fk^quent,  occurring  about  every  thirty  hours,  when  a 
stream  of  hot  water  is  tlirown  up  to  a  height  of  75  feet  for  some 
lifteei)  minutes,  followed  by  the  emission  of  steam,  with  a  loud  roar 
that  can  be  heard  for  miles.  A  few  hours  after  the  eruption  the  tube 
is  again  full,  and  occasional  jets  of  10  to  20  feet  are  thrown  out  until 
the  next  eruption  ensues. 

The  greatest  geyser  of  the  park,  and,  indeed  the  grandest  of  the 
whole  world,  is  Excelsior,  some  2.1  miles  beyond  theNorris  Basin.  Un- 
like the  less  capricious  and  more  fountain-like  geysers  of  the  I'pper 
Pirebole,  this  monster  of  geysers  does  not  spout  from  a  fissure  in  the 
rock,  nor  from  a  crater  or  cone  of  its  own  building.  It  is  a  monster  of 
destmetioD,  having  torn  out  its  great  crater  in  the  old  sinter-covered 
8lui)e,  bnilded  by  the  placid  and  beauteous  Prismatic  Lake.  The  walls, 
formed  by  the  jagged  ends  of  the  white  sinter  layers,  are  lashed  by 
the  angry  waters  that  are  ever  nnderniining  the  sides  and  enlarging  the 
caklron.  The  eruptions  are  so  stupendous  that  all  other  geysers  are 
dvarfed  by  comparison.  The  grand  outburst  is  precedes!  by  several 
abortive  attempts,  when  great  domett  of  water  rise  in  the  center  and 
burst  into  splashing  masses  10  to  ITi  feet  high,  while  the  waters  surge 
under  the  overhanging  walls  and  overflow  the  slope  between  the  (irater 
wd  the  river.  Finally,  with  a  grand  boom  or  report  that  shaki;s  the 
ground,  an  immense  fan-sha|>ed  mass  of  water  is  thrown  up  to  a  height 
of  200  or  more  feet,  great  clouds  of  st«am  rolling  off  from  the  boiling 
vater,  while  large  blocks  of  the  white  sint«r  arc  flung  far  above  the 
water  and  fall  about  the  neighboring  slopes.  It  is  a  sight  that  inspires 
enthusiasm  in  the  most  phlegmatic,  and  few  can  resist  tlie  temptation 
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to  give  loud  expression  to  tbeir  feelings.  tJnfortuiiately,  this  monarch 
of  all  geysers  has  ceased  to  erapt,  but  may  be  expected  to  break  fortb 
again  at  any  time. 

Everywhere  save  at  the  Norris  basin,  of  the  Yellowstone  Park,  geyser 
ventH  are  surronnded  by  cones,  mounds,  or  platforms  of  white  siliceons 
sinter,  which,  though  boilt  up  into  very  beautiful  forms,  hides  the  tme 
relation  of  the  geyser  vent  to  the  fissures  in  the  rocks,  so  that  it  hag 
been  generally  believed,  as  stated  b;  Tyndall,*  that  the  hot  springs 
built  up  tubes  of  siliceous  rock,  that  made  them  geysers.  That  this  is 
not  true  is  shown  by  several  great  fountains  at  the  Korris  basin,  that, 
spout  directly  from  fissures  in  the  solid  rock,  notably  the  Monarch, 
Tippecanoe,  and  Alcove  geysers. 

GETSieE  WATERS. 

The  descriptions  which  have  been  given  of  the  chief  geyser  regions 
of  the  world  lead  to  the  question:  What  is  the  soorce  and  character 
of  the  geyser  waters  T  It  has  been  plainly  indicated  that,  in  the  fields 
described,  the  vents  are  always  situated  along  lines  of  drainage,  on 
the  shores  of  lakes,  or  under  conditions  where  ordinary  springs  of 
meteoric  water  would  natorally  occur. 

That  the  geyser  waters  are  surface  waters  which  have  percolated 
through  the  i>orous  lavas  and  have  been  heated  by  encountering  great 
quantities  of  steam  and  gases  rising  from  the  hot  rocks  below  tiiere  is 
no  reasonable  doubt.  The  proximity  of  ordinary  cold  springs  and 
those  of  iHtiling  hot  water  lends  support  to  this  view. 

These  hot  waters,  traversing  the  rocks  in  irregular  fissures,  readily 
dissolve  out  the  more  soluble  constituents  of  the  rocks,  the  amount  and 
tlie  character  of  the  salts  present  varying  somewhat  with  the  nature 
and  amount  of  gases  held  in  the  waters.  Chemical  analyses  of  geyser 
waters  ih>m  the  three  regions  described  show  no  greater  variation  than 
those  from  different  vents  in  any  one  of  these  regions.  The  following 
table  of  analysesshows  that  the  waters  are  all  similar  in  character.  The 
analysis  of  the  Yellowstone  water  was  made  by  Prof.  P.  A.  Gooch  and 
for  the  IJ.  S.  Geological  Survey.  Analyses  are  also  given  of  the  water 
from  the  great  geyser  of  Iceland,  and  from  the  Kew  Zealand  geysers, 
.  the  fornier  by  Uauiour,f  the  latter  by  Smith.} 

*  Heat  aa  &  mode  of  mntino. 

t  An*.  Chtm.  H,  Pluxrm.,  vol.  iJtii,  1847,  p.  49. 

t  Jour,  fir  prakl.  Cliemie.,  vol.  I.xxix,  1869,  p.  186. 


itized  by  Google 


171 


Analyse*  of  geyter  Kattri. 
tn  ifTuiiped  In  prulwbln  minblDilttolk.    Grutm  |»er  Itlln^nun.] 


SIO..iilka 

SiC\.  rudlum  cUIoride 

uauihioniehlariile 

EaLpatuilumeblaridc  ... 
KB.  patualnm  bronilila  — 
Nk^)„Kiiliiun  >alph«e ... 
Kk.B,(>i.»diDml»nlc.... 

Xi^O,.  Hdlnm  nUlcala  .... 
Ka.COk  aodlnm  orbonilr . . 
U;CUb  magiicsiuiii  cnrboiul 

(.■rfii,llniuc;irlwn.ile 

PvCOriniB  rorboDiMi 


41.0, 


Dianiini 


U.K,  bjiliVKMi  inlpbhU 

KHjCXun&oiUuiii  chlfiHdo  .. 

(;(l,.tt>tboBicu:td.. 

KiSOk.  potaulum  uilphiU  . . . 
UfSOkDuignnluin  aulphiile  . 

XnAipdliimeulpbMe  .  

Tdtal 


O-OOIT 

o.oiKe 


1.33«6      I         t.UTO 


•CbCI,. 


ts»/>- 


Source  of  heat. — ^That  tlie  source  uf  steam  iBtlie  still  bot  lavas  below, 
und  is  in  Home  way  connected  with  volcanic  a^stion,  is  so  evident  from 
the  Tacts  that  no  otber  conclusion  1h  poHslble.  A  very  common  belief 
concerning;  the  soane  of  the  Iteatof  boiling  springs  and  geysers,  but 
one  which  no  longer  has  the  support  of  scientifli:  men,  ih  that  the  heat 
mnlbt  from  chemical  action,  as  it  is  vaguely  termed.  Were  not  the 
evidence  so  directly  opposed  to  this  idea,  it  would  merit  consideration, 
biit  BO  far  as  the  heat  of  geyser  waters  is  concerned,  all  observation 
shows  it  to  be  untenable.  To  this  class  of  theories  belongs  the  popular 
idea  that  the  geyser  basins  are  underlaid  by  great  beds  of  (quick  t) 
lime,  which  supply  the  heat  and  steam  of  the  geysers. 

The  smothered  combustion  of  beds  of  lignite,  coal,  or  pjiites,  is  an- 
other form  of  the  same  theory  that  has  been  received  with  considerable 
tmoT,  and  still  commandH  a  few  followers.  Thathot  springs  may  have 
Hch  an  origin  is  not  denied,  but  tlie  gcnlogiciilciouditions  and  environ- 
ment (clearly  show  that  none  of  the  great  geyi^er  regions  of  the  world 
derive  their  heat  from  such  at^tion. 

Where  the  source  of  8up[>]y  in  deep-seated,  spring  waters  always 
have  ao  elevated  temperature,  generally  projKirtionate  to  the  depth, 
bat  the  very  high  temperatures  of  the  geysers  and  the  local/soivre^Ar. 
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the  waters  excludes  thin  tlieuiy.  The  folding  and  fanlting  of  rockx  U 
anotber  sounre  of  beat  made  innDifest  by  hot  springs. 

It  lias  been  shown  by  Dr.  Feiile,  however,  that  boiling  waters  are  ouly 
found  in  the  regions  of  volcanic  rocks,  and  it  was  pointad  out  by  L'Ap- 
pareiit  tliat  geysers  only  occur  iu  acid  volcanic  lava.s.  In  Iceland  the 
valcaiiic  forces  are  still  active,  and  melted  lavas  may  exist  at  no  great 
depth.  In  New  Zealand  the  recent  emption  of  the  eroded  motintain 
Tarawera  Hhowed  that  heated  rocks  exist,  and  in  that  case  rose  np 
near  enough  to  the  sarfoce  to  oanse  the  explosion  which  so  trans- 
formed  the  country. 

In  the  Yellowstone  there  are  no  active  volcanoes,  and  none  of  even 
geologically  recent  activity.  The  lavas  that  fill  the  ancient  mountain- 
encircled  basin  of  tlic  park  are  scored  by  glaciers  and  deeply  cut  by 
running  water;  and  the  old  volcanoes  from  which  the  lavas  were,  in  part 
at  least,  outponr«l  show  no  signs  of  having  been  active  since  Tertiary 
times.  Vet  in  this  region  the  expenditure  of  heat  by  the  hot  springs, 
geysers,  and  steam  vents  wonld  undoubtedly  keep  a  moderate-sized 
volcano  in  a  very  active  state  were  it  concentrated.  There  is  no  doabt 
that  this  heat  is  connected  with  tbe  past  volcanic  energies  of  the  region 
and  derived  principally  from  the  still  liot  lavas,  three-quarters  of  the 
entire  area  of  the  park  (3,500  square  milea)  being  covered  by  rhyolitic 
rocks. 

The  significance  alluded  to  above,  of  the  association  of  geysers  and 
acid  lavas  (rhyolttes),  is  x>ossibly  to  be  found  in  tbe  fact  that  these  rocks 
are  wore  easily  dissolved  by  tlie  hot  waters  forming  the  tubes  and  res- 
ervoirs for  geysers.  Tbe  sitnation  of  hot  springs  and  geysers  along 
waler  courses  has  already  been  mentioned.  It  is  a  well-known  l&vt 
tiiat  the  presence  of  water  in  the  pores  of  a  rock  increases  its  capacity 
Ut  conduct  beat,  so  that  we  may  snrmiae  a  nse  in  tbe  local  isogeotherni 
iu  such  situations. 

Oeyter  eruptions. — Geysers  have  often  been  compared  to  volcanoMt 
presenting  in  miniature,  with  water  instead  of  molten  rock,  all  tbe  phe- 
nomena of  a  volcanic  emption.  The  diversity  of  formandvaryingcon- 
ditions  of  activity  of  the  hot  springs  found  associated  with  geysen 
makes  it  impossible  to  determine  in  every  case  whether  a  spring  is 
or  is  not  a  geyser.  Ucyser  veuts  may  be  mere  rifts  in  the  naked  rocks 
or  bowls  of  clear  and  tranquil  water,  quiet  until  disturbed  by  tbe  first 
throes  of  an  emption,  and  surrounded  by  wliite  sinter  deposits  in  nomse 
distingiiisbable  from  those  about  hot  springs.  In  other  cases  the  veote 
are  surrounded  by  a  tone  or  mound  of  pearly-beaded  "  geyserite,"  a 
<«rtaiu  and  distinctive  feature  of  a  geyser. 

The  displays  of  the  great  "Geyser"  of  Iceland  have  already  been 
briefly  described;  they  maybe  taken  as  the  type  of  eruptions  from  gey- 
WTS  having  bowMike  expansions  at  tbe  top  of  tbe  tnbe,  the  so-called 
*- baaiu  ~  uf  tbe  geyser.  Where  the  vent  is  siurrounded  by  a  cone  of 
Biuter,  a«  is  HO  often  the  cast^  among  the  founteins  of  New  Zealai^  and 
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the  Yellowstone,  tlio  first  part  of  the  geyser  eraption  is  somewhat  differ- 
ent. Perbapet  the  most  familiar  geyBer  of  this  type  is  Old  Faithful,  the 
one  geyser  in  the  Yellowstone  that  i»  sure  not  to  disappoint  the  visitor. 
Though  8uri>a8i*ed  by  many  of  ita  neighbors  in  the  heightaud  magnitade 
at  its  eruptions,  it  holds  a  liout  rauk  for  beauty  and  gracefalness.  Pre- 
viously heralded  by  loud  rumblings,  with  spasmodic  outbursts  of  10  to 
M  ft>et  in  height  that  mark  abortive  attempts  to  send  up  its  stetuoing 
pillar,  the  white  <»lumn  is  Anally  thrown  upwards  with  a  loud  roar,  and 
mounts  at  once  to  a  height  that  seems  hundreds  of  feet  as  we  gaze  upon 
il.  Fur  two,  or  even  three  minutes,  the  column  maintains  a  height 
which  measurements  show  to  vary  from  90  feet  np  to  150  feet,  with  oc- 
casional steeple- shaped  Jets  rising  still  higher,  the  jets  ever  varying  and 
giving  off  great  rolling  clondsof  steam;  then  the  jets  gradually  decrease 
ill  altitode,  and  in  five  minutes  the  eruption  is  over,  the  tube  apparently 
empty,  and  emitting  occasional  pnJTs  of  steam  for  a  few  minutes  longer. 

During  the  eruption  the  water  falls  in  heavy  masses  about  the  vent, 
filling  the  basuis  that  adorn  the  mound,  and  flowing  off  in  yellow  and 
orange- colored  waterways,  while  the  finer  spray  drifts  off  with  the 
breeze  and  falls  upon  the  neighboring  sinter  slopes.  It  is  impossible 
to  measure  the  amount  of  water  thrown  out,  since  it  runs  off  in  a  num- 
ber of  directions  iu  shallow  rills  that  lead  either  to  the  sandy  terrace 
Dear  by  or  to  the  river.  If  however  we  assume  that  the  column  of 
steam  and  water  is  one-third  water,  a  fair  assumption,  the  estimated 
iliacharge  is  3,000  barrels  at  each  eruption. 

Comparing  Old  Faithful  with  its  Iceland  prototype  we  find  consider- 
able difference  in  the  behavior  of  the  two  vents  during  the  interval 
between  eruptions.  The  former,  like  Strokr,  has  no  bowl  or  basin,  and 
the  geyser  throat  or  tube  is  partly  filled  with  water,  which  is  iu  con- 
etaiit  and  energetic  ebullition,  while  the  geyser  is  inactive.  The  tube 
and  bowl  of  <■  Geyser "  are,  on  the  contrary,  filled  with  comparatively 
caol  water.  In  each  case,  however,  the  eruption  is  preceded  by  an 
overflow  from  the  geyser  tube,  in  the  case  of  Strokr  and  Old  Faithful, 
w  jets  of  10  feet  to  25  feet  in  height;  in  "Geyser  "by  a  filling  of  the 
bowl  and  successive  overflows,  accompanied  by  the  noise  of  condens- 
ing steam  bubbles,  a  simmering  of  the  water  in  the  tube.  Such  pre- 
liminary actions  are  significant  when  we  consider  the  theory  of  geyser 
action. 

Theories  of  geyser  action. — The  intermittent  spouting  of  geysers  was 
long  a  riddle  to  scientific  men,  for  although  several  theories  seemed 
each  to  offer  a  satisfactory  explanation  of  the  eruptions  of  "  Gey- 
ser," they  supposed  conditions  unlikely  to  occur  in  many  vents.  The 
investigations  of  BnuFcn,  and  ot  Descloizeaux,  who  spent  two  weeks 
stadjdng  the  Iceland  fountains,  resulted  in  the  announcement  of  a 
theory  of  geyser  action  which,  with  slight  modifications,  has  satisfied 
all  requirements  and  is  to-day  generally  accepted  as  the  true  explaua 
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tion  of  the  action  of  these  nataral  steam  eDgioes.  This  theory,  which 
bean  the  name  of  the  iUuBtiioos  Banseii,  depends  apon  the  well- 
kDown  lact  that  Hie  boiling  point  of  water  rises  with  the  pressnre, 
and  is  therefore  higher  at  the  bottom  of  a  tnbe  of  water  than  at  the 
Korface.  The  temperatnre  of  water  heated  in  any  vessel  is  generally 
«f|iialized  by  convective  carrents,  but  in  a  long  and  narrow  or  an 
irregalar  tnbe  this  circulation  is  impeded,  and  while  the  water  at  the 
surface  boils  at  100°  G.  (at  sea  level),  ebollition  in  the  lower  part  of 
the  tnbe  is  only  |>oHsiblc  at  a  much  higher  temperatnre,  owing  to  the 
weight  of  the  water  column  alwve  it.  In  the  section  of  Geyser  shown 
in  the  figure  the  observed  temperatures  are  given  on  the  lefb,  and  the 
tetnperatores  at  which  the  waters  would  boil,  taking  into  account  the 
pressure  of  the  water  column,  are  giveu  on  the  right.  In  Greyser  the 
Dearest  approximate  to  the  boiling  jioint  is  at  a  depth  of  45  feet  oppo- 
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Geysir 

SectlDoa  ur  Ueync  Bud  Strokr  aJiuwluK  Umutvh  auiiplyinit  geyser  tubca  («ft«r  CampbaD). 

Ritf  a  ledge  and  Assure  discovered  subsequent  to  Bun8en'sexperiitieDt& 
At  this  depth  the  tomperuture  is  2°  C.  below  the  temperature  at  which 
the  water  can  boil.  If  by  the  continued  heating  of  this  layer  by  strain 
trom  the  flssiire  it  attains  the  temperature  at  which  it  can  boil,  steam 
Is  formed,  whose  expansive  force  lifts  the  superincumbent  column  of 
water,  causing  a  slight  overflow  at  the  top,  which,  shortening  the  col- 
unni,  brings  the  layer  B  to  the  position  C,  where  its  temperature  is 
above  the  boiling  point  of  C,  wherefore  steam  is  formed  at  this  pointiuid 
a  hii-tlior  lifting  and  roli(>f  of  pressure  ensues,  followed  by  aneruptioa. 
In  Illustration  of  this  theory  a  model  geyser  is  easily  constracted  of 
a  glass  tube  of  an  inch  or  so  iu  diameter  and  several  feet  long.    VHiea. 
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tbiB  tube  ia  closed  at  oiie  eud,  filled  with  water  and  placed  upright  we 
bave  all  the  meehaiiiHOi  Deceesary  to  produce  all  the  phenomena  of  a 
geyser.  By  heating  the  water  at  the  bottom  by  the  introduction  of 
steam  (or  with  a  spirit  lamp),  we  cao  produce  eruptions  whose  period 
will  depend  upoD  the  intensity  of  the  heat.  At  flrat  the  buhbles  of 
Bteatn  collapse  in  the  cool  waters  at  the  bottom  of  the  tube,  but  as  the 
temperature  rises  the  bubbles  rise  part  way  np  the  tube  and  beat  the 
lower  part  of  the  column  to  a  high  temperature  while  the  water  near 
the  surface  is  still  cool.  Eventually  the  water  at  the  bottom  reaches 
the  preasare  boiling  point,  when  steam  is  formed,  lifting  the  water 
above  it  and  causing  an  overflow  at  the  top.  This  overflow  or  its 
equivalent,  the  filhng  of  a  shallow  basin  at  the  top  of  the  tube,  relieves 
the  pressure  and  all  that  part  of  the  column  whose  temperature  was 
previously  below  the  boiling  pollit  bnt  now  exceeds  it,  flies  into  8t«ain 
and  ejects  the  water  above  with  great  violence.  The  glass  walls  of  our 
geyser  tube  x>*irmit  us  to  watch  the  gradual  heating  of  the  water  by 
means  of  thermometers  suspended  in  the  tube,  th8  ascent  and  collapse 
of  Hteitm  bubble-s,  the  overflow  and  abortive  attempts  to  erupt  and  the 
fioal  ejection  of  tlie  water  from  the  tube. 

Where  the  tube  is  surrounded  at  the  top  by  a  basin  no  actual  over- 
flow need  occur.  Indeed  there  is  in  the  Yellowstone  a  miniature  gey- 
ser, aptly  named  the  Model,  with  a  tube  but  2  inches  in  diameter,  sur- 
rounded by  a  shallow,  sanccr-like  basin,  which  has  eruptions  about 
every  fifteen  minutes  of  .3  feet  to  5  feet  in  height  in  which  scarcely  a 
drop  of  water  is  wasted,  but  flows  back  into  the  tube  after  the  erup- 
tion. During  the  interval  between  eruptions  no  water  can  be  seen  in 
the  tube,  whose  basin  and  upper  part  are  dry  and  cool.  The  first  sig- 
nal of  the  coming  display  is  a  quiet  welling  up  of  thewat«r  in  the  tube 
filling  the  little  basin,  which  being  relatively  large  and  shallow  relieves 
tke  wat«r  column  of  a  considerable  height.  During  the  eruption  which 
follows,  the  spray  is  chilled  by  the  air,  falling  back  into  the  basin ;  at 
the  end  of  the  display  the  water  is  quickly  sucked  back  into  the  tube 
and  re-heated  for  the  ensuing  eruption. 

At  first  thought  the  constant  boiling  of  the  waters  in  the  tube  of 
Strokr,  Old  Faithful  and  many  other  geysers  seems  to  oppose  the 
theory  which  we  have  just  given.  Observations  show  however  that 
in  many  cases  the  boiling  is  confined  to  the  surface  and  deep  tempera- 
tares  do  not  reach  the  boiling  point  corresponding  to  the  depth.  It  is 
quite  likely  also  that  in  some  cases  a  lesser  and  independent  supply  of 
beat  may  connect  with  the  upper  part  of  a  geyser  tube;  Strokr,  we 
know,  has  two  ventw  (see  figure),  one  of  which  is  the  geyser  tube,  the 
fnnnel-like  throat  of  Strokr  being  really  but  a  nozzle  to  the  geyser. 

It  is  unnecessary  to  describe  the  numerous  other  theories  of  geyser 
action;  they  all  suppose  caverns  or  systems  of  chambers  and  tubes,  of 
definite  arrangement,  a  supposition  most  uulikely  to  occur  in  many 
cases,  and  made  unnecessary  by  Bunsen's  theory,  Ijocal  expaiisrf(^;C 
and  irregularities  of  the  tube  do  exist,  and  to  them  we  owe  many 
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tliu  individual  peculiarities  of  geysers,  but  sach  Rbambers  do  not  form 
a  vital,  eBaeiitial  part  of  tbc  geyser  meclianism. 

Ill  nil  excellent  r&um^of  tbe  various  theories  of  geyser  action,  Dr. 
A.  C  i'eale  states  that  be  believes  no  one  theory  is  adequate  to  explain 
all  tlio  pheoomena  'of  geyser  actiou,  though  Bunaen's  theory  comee 
nearest  to  it, " 

I  believe  however  that  Bunsen's  theory  is  a  perfect  explauation  if 
VK  but  admit  that  tbe  geyser  tube  may  be  neither  straight  nor  regular, 
but  of  any  Nbape  or  size,  and  probably  differing  very  much  for  each 
votit.  The  lihaiie  of  the  bowl  or  basin  exerciBes  but  little  influeuce  upon 
tlHi  ernj'tioii  save  to  produce  tbe  many  individual  peculiarities  of  the 
geyser  column. 

Origin  of  Oeyners. — It  should  be  noted  that  Bunsen's  theory  of  geyser 
action  jn  quit«  independent  of  his  ttieory  of  geyser  formation.  The 
building  up  of  a  siliceous  tube  by  tbe  evaporation  of  tbe  waters  at  the 
Tiiargin  of  a  hot  spring,  is  a  process  which  may  be  seen  in  operation  in 
any  of  the  geyser  regions  of  the  world ;  but  it  is  uot  a  necessary  pre- 
lude to  the  formation  of  a  geyser,  for  a  simple  fissure  iu  the  rod: 
unswers  equally  well,  a^  is  shown  at  tbe  Norris  geyser  basin  in  the 
Yi'ilowstone  I'ark. 

The  life  history  of  a  geyser  varies,  of  course,  for  each  one,  butobser- 
vatiooH  show  that  tbe  following  sequence  of  events  often  takes  plate. 
The  hot  vapors  rising  fTum  unknown  depths  penetrate  tbe  rocks  aloug 
planes  of  fVactine  and  shrinkage  cracks,  decomposing  and  softening 
the  ro<-k  until  tbe  pressure  of  the  steam  and  water  is  sufficient  to  force 
an  oi>ening  to  the  surface.  If  this  opening  affords  an  easier  exit  for 
waterj*  issuing  at  a  higher  level  the  fissure  is  probably  opened  with  a 
violent  ejection  of  mud  and  debris;  more  ofieu  tbe  process  is  a  gradnal 
one.  WH^ompanj'ing  the  slow  eating  away  of  the  rock  walls  along  the 
fissure.  The  flowing  waters  slowly  clear  out  tbe  fissure,  forming  a  tube 
that  iR'nuits  the  freer  escape  of  hot  water  and  steam,  while  at  the  same 
time  the  waters  change  from  a  thick  mud  to  a  more  or  less  clear  finid. 
The  spring,  at  first  a  simple  boiling  mud-hole,  is  now  an  intermittently 
boiling  spring,  wbidi  soon  develoiw  true  geyser  action.  If  the  open- 
ing of  the  llssnrc  afforded  a  new  outlet  for  the  waters  of  some  already 
existing  ge.^ser,  these  changes  take  place  rapidly,  and  eruptions  begin 
as  !)OOU  Hs  the  pi|>e  iit  sufficiently  cleared  to  hold  enough  water.  The 
bare  rock  abi>ut  tbe  vent  or  fissure  is  »oou  wbitened  by  silica  deposited 
by  the  hot  waters.  This  idnter  may  form  a  monnd  about  the  expanded 
tulM'  or  bi^iii,  or,  if  the  vent  be  smalt  aud  spray  is  frequently  ejected, 
it  buiUU  up  the  curious  geyser  cones  so  pruminent  in  the  YeUowstone. 
In  certain  ont^'s  tbe  bnibling  up  of  these  <lei>osits  may  partially  ch^e 
the  geyser's  tbroat,"  aud  cause  a  diminution  of  the  geyser's  energy, 
whose  forc»\i  seek  an  easier  outlet.  In  other  rasee  the  eating  ont  of 
new  sabterTMueiin  waterwaj-s  deprives  the  gi>j-ser  of  its  snpply  of  heat^ 

*  T**K**t>  Jm.  ie^  V.  &  *int.  mm4  lirvf.  Samg  Ttrrilarim,  Tot.  uV,  p.  til. 
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aiid  tlie  veut  becomes  either  a  tranquil  laug  or  wliolly  extinct,  wblle 
the  pearly  geyseriie  forming  ita  cone  disintegrates  and  crumbles  into 
fiiie  shaly  debris,  resembling  comminuted  oyster  shells.  Thus  there  is 
a  slow  but  continual  change  in  progress  at  the  geyser  basins,  in  which 
old  springs  become  extinct  and  new  ones  lomi^  into  being  and  activity. 
With  few  exceptious,  where  the  vents  are  very  new,  geysers  spout 
from  busins  or  from  cones  of  white  siliceous  sinter,  or  g&gaerite,  depos- 
ited about  the  vent  by  the  hot  waters.  Such  deposits  are  formed  very 
slowly,  one-twentieth  of  an  inch  a  year  being  an  average  rate  of  growth 
for  the  deposit  formed  by  evaporation  alone.  These  deposits  of  sinter 
are  therefore  an  index  to  the  age  of  the  geyser.  In  many  cases  these 
sinter  cones  are  very  odd,  fantastic  stmctores  of  great  beauty  while  wet 
bj'  the  the  geyser  spray,  but  becoming  white,  opaque,  and  chalk-like 
npoii  drying.  Whei-e  the  spattered  drops  fall  in  a  line  spray  the 
dejiosit  is  penrly,  and  the  surfmie  very  finely  sjticular.  If  the  spray  be 
coarse  the  rods  are  stouter  and  capped  by  pearly  hea<ls  of  lustrous 
brilliancy.  Thus  the  cone  is  not  only  a  measure  of  a  geyser's  age  and 
activity,  but  it  telle,  in  a  way,  the  nature  of  the  eruption. 

Artijicial prodtwtion  of  geyser  eruptions. — Eruptions  of  Strokr  have, 
'  for  many  years,  been  provoked  by  artificial  means.  Tlie  fimneI-sha|M-il 
^j'ser  throsit  makes  it  an  easy  matter  to  plug  it  with  a  barrowfUl  of 
torfcutinthe  adja<^ent  marsh.  This  acts  as  a  cover,  confining  the 
»teaiii,  which  finally  overcomes  the  resistance  and  produces  an  crup- 
tiou.  Travellers  have  also  attempted  to  hasten  the  eruptions  of  geysers 
by  throwing  biwks  of  sinter  down  the  tube,  but  it  is  evident  that  such 
measiuvs  can  only  succeed  when  the  forces  of  beat  and  pressure  are  in 
a  very  delicate  equilibrium. 

In  the  Yellowstone  geyser  basins  it  has  been  found  that  geyser  erup- 
tiims  may  be  hastened  or  even  caused  in  simply  boiling  springs  by  the 
UKeofsoap  or  of  lye.  The  discovery  of  tliis  extraordinary  fiict  was 
maile  in  a  very  curious  way.  A  Chinaman  was  engaged  by  the  hotui 
company  to  wash  the  soiled  linen;  thinking  to  utilize  the  abundance  of 
bot  wat«r  i»rovidod  by  nature,  a  rude  canvas  building  was  put.  up  over  a 
smidl,  firculiir,  boiling  spring  near  the  edge  of  the  Firehole  llivci-.  In 
thin  spring  tbe  partly  cleansed  and  soaped  clothes  were  put  to  boil, 
suspended  in  a  wicker-basket.  All  wentwell  until  the  Chinaman  left  his 
bai'  of  soa]>  with  the  clothes,  when  the  spring  suddenly  threw  out  bas- 
ket, clothes,  and  hot  water,  wrecking  the  shanty  and  starting  the 
Chinaman  on  a  run  from  a  place  that  was  too  near  the  infernal  regions 
for  comfort.  This  eruption,  and  the  ob.served  effect  of  Moap  in  increas- 
ing the  ebullition  of  boiling  s]>rings,  led  to  the  use  of  soap  to  pro<lu<:e 
eruptions  of  this  boiling  but  not  spouting  spring,  thenceforth  known 
as  the  Chinaman. 

The  success  attcndiug  the  nse  of  soap  in  this  instimce  suggested  to 
a  photographer,  P.  Jay  Ilaynes,  the  use  of  soai>,  or  its  e4piivalcnt,^lj9(^^- 
to  hasten  eruptions  of  those  geysers  of  which  he  desired  to  obtitm 
H.  Mis.  334,  pt.  1 n 
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photographs,  and  led  to  experiments  by  the  Geological  SHTvey*  show- 
iug  that  eruptioQB  can  he  produced  in  many  cases  of  geyserB,  which  have 
been  most  capricious  iu  tbeir  exhibitioDs,  or  have  been  inactive  for 
weeks  or  even  montlis.  The  conditions  essential  to  the  successfnl  use 
of  aoap  or  lye  for  this  purpose  seem  to  be  that  t)i»  geyser  tube  be  small, 
and  the  water  near  its  boiling  point,  if  not  actually  boiling  at  the  snr- 
face.  Many  of  the  bowls  iu  the  Yellowstone  jiosseas  a  t«miierature  at 
their  surface  exceeding  the  theoretical  boiling  point  fur  the  altitudt: 
by  1  or  2  degrees.  This  apparently  anomalous  fa<;t  is  not  due  to  the 
miueral  matter  held  in  solution  by  the  hot  waters,  for  the  noalyBCS 
show  that  amount  to  be  too  Hmall  to  have  any  appreciable  effect,  but 
it  is  explained  by  tlie  waters  being  free  from  air,  it  being  well  known 
to  physicists  tliat  water  freed  from  air  has  an  increased  boiling  point, 
because  of  the  greater  cohesion  of  the  particles.  The  effect  of  the 
soap  is  to  increase  the  viscosity  of  the  water,  the  consequent  explosive 
liberation  of  steam  producing  an  eruption. 

Variationa  in  geyser  period*. — Many  geysers  are  easily  nuBtaken  for 
simple  hot  or  boiling  springs,  since  during  the  long  intervals  between 
eruptions  they  present  no  indications  of  their  true  nature. 

The  hitervat  between  eruptions  is  manifestly  deiteudent  upon  the  two 
fiu;tors  of  lie:it  iukI  water  supply.  It  rarely  happens  that  these  fac- 
tors nre  so  constant  that  the  geyser  has  a  definite  j>eriod.  Kven  in  the 
case  of  Old  Faithful,  t!ie  most  reliable  of  alt  geysers,  there  are  verj' 
considerable  vai'iations  iu  the  period,  though  the  average  is  always  con- 
stant firom  day  to  day. 

It  sometimes  liai>pens  that  a  slight  change  in  the  conditions — a  les- 
sened amount  of  heat  or  increased  amount  of  water — will  cause  a  ces- 
sation of  a  geyser's  eruptions  for  a  long  period.  This  has  liax>i)ene4l  in 
New  Zealand,  where  the  Waikite  geyser,  near  Lake  Kotorua,  inactive 
for  many  years,  suddenly  exploded,  scattering  blocks  of  sinter  and 
scalding  several  Maoris  who  happened  to  be  near  by.  The  Excelsior, 
undoubtedly  the  largest  geyser  of  the  world,  was  uot  seen  in  action 
until  1878,  continuing  its  x^riodic  eruptions  till  18S2,  when  it  cease<l 
and  did  not  play  again  until  ISSS.  Last  summer  it  was  agaJu  inactive, 
though  the  water  boiled  furiously,  bulging  up  several  feet  in  the  center 
of  the  great  caldron. 

Observations  made  in  New  Zealand  have  le*l  to  the  belief  that  tlie 
erui)tioiis  of  certain  geysers  were  influeii<:ed  by  the  barometric  pres- 
sure, and  it  is  said  that  certain  geysers  are  only  active  during  the  prev 
alence  of  a  northwest  wind.  Observations  in  the  Yellowstone  show  nci 
suchcoriespHindeiH-e.  Asa  rule  the  water  surface  exposed  is  small  aiul 
the  effect  of  tcmi>ei'atnre  jmd  pressure  would  be  scarcely  appreciable, 
yet  theoretically  it  is  quite  probable  that  when  the  forces  in  a  geyser 
are  iu  a  delicate  equilibrium  a  <^liaiige  of  temi>erature  and  pressure  of 
the  air  would  be  quite  sufficient  to  cause  an  eruption. 

"  ■■Souping  Guysiirs,"  Arnold  llaguu.    [  JVuna,  ,1m.  /n-t.  Min.  fCng.,  FoIk,  1889-J 


ON  THE  GENERAL  CIBCULATION  OF  THE  ATMOSPHERE.* 


By  Werner  von  Siemens. 

TraDBlatvd  rroin  tlie  (lennaa.  by  Okoruk  E.  Ci'ktin. 


In  ail  article  in  tlie  May  number  of  tfac  Meteoroloffigeke  Zeittehrift 
eiilitleil  "On  tbe  tlieurieHoftUe  general  cin'ulation  of  the  atmosphere, 
etc,"  Mr.  A.  Sprang  has  publiuhed  a  eriticism  of  my  coni])utation  of  the 
direction  aud  force  of  the  general  atmospheric  current  cont»iiied  in  my 
memoir,  entitled  "  On  the  coMBorvatioQ  of  energy  in  the  earth's  atnios- 
pbere,"  presented  to  the  at^Mlerny  Marcli  4, 1886.  These  criticisms  induce 
me  to  make  a  brief  reply,  not,  indeed,  for  the  purpose  of  rebutting  the 
objections  of  Dr.  Sprung  to  the  rigid  validity  of  the  resnlts  of  my  com- 
putation—objections  with  which  in  part  I  wholly  agree — but  to  answer 
the  assumption  that  I  have  made  the  attempt,  in  the  same  way  as 
Ferrel,  "  to  build  up  on  theoretical  computations  a  theory  of  the  gen- 
eral circulation  of  the  atmosphere."  Setting  uside  the  fact  that  I  do  not 
consider  myself  to  be  sufficiently  versed  in  mathematical  analysis  for 
SQch  an  attempt,  I  hold  that  this  method  is  utterly  inappropriate.  A 
problem  so  estraordiuarily  complicated  as  that  of  the  general  circula- 
tion of  thfl  air  can  not  possibly  be  constructed  backwards  upon  the 
basis  of  mathematiciil  computations.  There  bas  been  lacking  up  to  the 
present  time  the  simple  fiindameiital  law  governing  all  the  phenomena 
in  action.  In  my  considerations  "  I'pon  the  conservation  of  energy  in 
the  earth's  atmosphere,"  I  have  endeavored  first  to  state  the  forces 
which  produce,  maintain,  and  retard  atmospheric  motions,  and  next  I 
have  sought  to  determine  by  computation  the  general  motion  of  the  air, 
both  in  direction  and  magnitude,  produced  by  their  iutcnM-tion,  With 
respect  to  this  method,  it  is  not  correct  to  say  that  I,  "  in  the  same 
way  as  Ferrel  before  me,  would  show  by  computation  an  original  con- 
dition of  motion  in  the  atmosphere,"  in  order  to  make  it  a  basis  for  my 
farther  speculations.  It  is  equally  incorrect  Ut  say  that  in  my  compu- 
tations I  have  wholly  neglected  the  retardation  of  the  motion  of  the  itir 
by  friction. 

The  meridional  air  current,  very  aptly  called  by  Sprung  the  funda- 
mental circulation   {Qrundcirculation),  upon  which  my  theory  of  the 
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general  Hyetctn  of  winds  i»  based,  depeuds,  in  plain  terms,  on  the  eqni- 
libriuui  between  the  acceleration  of  the  air  in  the  equatorial  uixlraft 
(cauaed  by  the  overheating  of  the  lowest  air  layers  of  the  torrid  zone 
by  solar  radiation)  and  the  loss  of  energy  which  the  transported  air  ex- 
periences in  its  course.  The  mixture  of  the  air  masses,  which,  witboat 
a  "fundamental  circulation,"  must  rotate  with  the  velocity  of  theearth's 
surface  upon  which  they  rest,  is  accomplished  by  it  in  the  course  of  a 
thousand  years.  I  have  used  the  mathematical  idea  of  the  sudden  liic- 
tionless  minglingof  air  layers  at  all  latitudes  only  in  order  to  determine 
in  a  simple  way  the  condition  of  motion  both  with  respect  to  direction 
and  magnitude  already  prevailing  since  a  primitive  period.  Ferrel  does 
not  proceed,  as  I  do,  from  a  fundamental  circulation  which  inter-changes 
the  air  layers  rotating  with  their  respective  latitude  velocities  while 
moving  forward  and  thereby  gradually  mixes  them,  but  allows  this 
mingling  to  be  etTet^ted  in  a  meridional  direction  by  a  frictionless  dis- 
placement of  the  I'otating  rings  of  air  at  different  latitude.^,  the  reasons 
for  which  are  not  specifically  given.  This  conception  it(  the  mode  of 
oiixtuie  furnishes  essentially  the  Siime  basis  for  computation  us  mine, 
and  Ferrel  rea^-hes  the  same  rtisults  of  (M^mputatiou  so  far  as  the  direc- 
tion «f  the  wind  currents  is  coucerned.  But,  on  the  other  hand,  there 
exists  an  essential  difference  in  our  results  for  the  relative  meridional 
wind  force  at  the  latitude  of  35°. 

The  assumption  of  Dr.  Sprung  that  neither  of  the  two  theories  can 
be  regarded  as  completely  correct  I  wholly  agree  with.  In  fact  I  have 
never  considered  my  theory  in  any  other  light  than  as  a  first  approxi- 
mation to  the  truth.  With  this  idea  I  have  left  out  of  consideration  in 
my  c<nnputation  complicated  htfiuences,  such  as  that  of  the  decrease  of 
temi>eratm'e  toward  the  poles  and  that  of  the  no n -coincidence  of  the 
direction  of  the  centrifugal  force  with  the  force  of  gravity.  The  latter 
fact,  whose  action  is  also  left  out  of  consideration,  that  rotating  air 
mas.ses  in  higherlatitudcsmust  everywhere  have  the  tendency  to  move 
forward  in  £^eat  circles,  and  thus  teud  to  move  toward  the  equator, 
would  cause  a  decrea.se  of  air  pressure  as  we  approach  the  poles,  and 
would  con.sequeiitly  essentially  impair  the  result  of  my  computation  of 
the  mixing,  if  this  tcmlency  were  not  compensated  by  other  forces  which 
have  an  opposite  effect.  It  is  not  these,  however,  but  other  assumptions 
of  a  fundamental  character  which  mark  a  very  essential  difference  be- 
tween the  two  coiiceiitions  and  lead  to  results  quite  at  variance  with 
one  another.  In  the  first  place,  I  refer  to  Ferrel's  Hssamption  that  the 
so-called  principle  of  areas,  in  the  form  of  the  conservation  of  the  moment 
of  rotation,  applies  to  the  displacement  northward  or  southward  of  the 
air  rotating  with  the  eiu^h's  surface.  I  can  not  agree  with  this,  and 
must  enter  niy  de<'i(Ied  protest  against  the  idea  that  the  conservation 
of  the  nmincnt  of  rotation  is  applicable  to  the  movement  of  the  air. 

The  law  of  areas,  borrowed  &om  astronomy,  means  that  a  mass 
rhich  moves  fieely  around  another  describes  eqoal  areas  in  equal 
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tini«t<.  TLis  liappeua  in  canaeqiience  of  the  acceleration  of  the  rotat- 
ing miua  while  apjtmachiiig  the  rcottT  of  attnu'tion  of  ttic  tixcd  mass, 
aud  the  correspODtliD);  rettirdatioii  wliieb  it  exiierieiices  in  departing 
from  it.  The  greater  velocity  derived  from  the  ac<'e1eration  resolts  in 
the  descriptioii  of  a  greater  arc  in  a  unit  of  time,  and  leads  therefore 
to  the  laws  of  areas.  ISow,  aecordin^  to  Ferrel,  a  mass  of  air  rotating 
with  the  earth's  snrfaee  in  any  latitude,  when  displaced  northward  or 
scntlnvard,  can  Dot,  as  I  understand  it,  continne  its  coarse  with  its 
absolute  veloirity  tinchanged,  as  would  be  the  case  in  the  conservation 
of  it«  vis  rira,  but  its  moment  of  rotation  must  remain  constant,  which 
corresponds  to  an  important  change  of  velocity.  In  order  that  the 
moment  of  rotation  shall  remain  constant — which  will  be  the  case  if 
the  linear  velocity  of  the  rotating  body  changes  in  such  a  way  that 
equal  surfaces  are  described  by  it  in  equal  times — there  must  be  ex- 
pended a  considerable  amouot  of  energy  in  order  to  effect  the  change 
of  velocity  of  the  inert  mass.  But  the  fonro  that  could  do  this  work 
is  quite  lacking.  If  we  shorten  the  radius  of  rotation  of  a  rotating 
solid  mass,  then  the  force  which  causes  the  shortening  mast  overcome 
the  ceiitrifngal  force.  The  sum  of  the  products  of  all  the  centrifagal 
forces  overcome  by  the  paths  traversed  gives  the  work  performed  in 
accelerating  the  rotating  muss,  and  this  is  sufficient  to  maintain  the 
law  of  surfaces;  that  is,  here  the  moment  of  rotation  is  constant.  Bnt 
ill  the  motion  nf  the  airu|M)n  the  earth's  surface,  no  analogous  relations 
Robsist  In  a  tangential  displacement  on  the  earth's  attrface,  no  change 
ol  gravity  takes  plwe  and  no  acceleration  of  the  displaced  mass  by 
gravity.  It  is  just  as  difficult  to  understand  by  what  means  a  pres- 
sure upon  them  of  neighboring  air  layers  should  arise  for  displacing, 
which  would  be  able  to  do  the  enormous  work  of  aceelenttiou  that  the 
conservation  of  the  moment  of  rotation  retinirefi! 

A  displacement  of  the  whole  air  mass  of  a  rotating  ring  in  a  north 
or  south  direction  is  not  practicable,  since  the  volume  of  such  a  ring  of 
given  thickness  changes  with  the  cosine  of  the  latitude.  Thus  in  a 
poleward  displacement,  a  corresponding  part  of  the  mass  of  the  ring 
mnst  remain  behind — relatively,  must  return  to  the  equator.  But  also 
for  the  portion  of  the  ring  of  air  actually  displaced  toward  the  pole,  no 
physical  reason  can  be  found  why  the  conservation  of  its  moment  of 
rotation  must  be  assumed.  On  the  contrary,  this  assnmption  woiihl 
lead  to  the  greatest  contradictions  and  discontinuities;  for,  in  the 
aasnnied  original  condition  in  which  no  meridional  currents  yet  existed, 
from  i^hich  Ferrel  as  well  as  I  have  proccetled,  the  air  rotated  at  each 
latitude  with  the  velocity  of  the  ground  iipon  which  it  wtw  at  rest. 
The  veloc'ty  of  the  miisaes  of  air  therefore  dWTcased  with  the  cosineof 
the  latitude  Now,  with  the  apiieaninc*'  of  a  meridional  current,  this 
relation,  acco-ding  to  Ferrel,  would  not  only  have  to  be  inverted,  but 
instead  of  a  detrreiise,  an  in<;rense  in  the  velocity  of  the  air  must  ta>' 
place  at  a  still  h'gher  rate,  if  the  moment  of  rotation  of  tho^ab'tis^ 
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remain  constant.  But  irhy  this  muRt  remain  constAOt  nod  what  force 
could  effect  the  enornious  iu<^reinent  of  the  via  viva  stored  up  in  the 
rotary  air  mass,  remain  equally  incomprehensible.* 

I  pass  now  to  another  assumption  of  Ferrel's,  with  which  I  cannot 
hring  myself  to  agre«.  Itisthis,  t.e.,thaton  an  inclined  surface  of  equal 
air  pressure  there  can  be  a  riedceut  of  the  overlying  air  layers.  It 
is  jast  as  impossible  that  there  shoald  be  an  impulse  to  tangentjal 
displacement  ou  slopiug:  isobaric  snrfacea  aH  in  the  case  of  level  sur- 
faces. That  such  a  displacement  could  not  possibly  exist  is  evident  at 
once  from  the  consideration  that  a  descending  stream  of  air,  in  case  it 
actually  begins  at  any  time,  must  immediately  develop  a  change  of 
pressure  destroying  the  equilibrium,  and  must  at  once  produce  a  return 
current.  It  results  from  this  that  a  continuously  progressive  heating 
of  the  atmosphere,  such  as  in  reality  (aside  from  disturhauces)  taSes 
place  from  the  polar  regioux  down  to  the  equator,  fUruishes  no  possi- 
bility for  a  meridional  circulation  such  as  Dove  also  has  assumed.  It 
is  possible,  in  such  an  luiequally  heated  atmosphere,  to  draw  at  aU 
heights  isobaric  surfaces  extending  th>m  the  equator  to  the  poles,  ou 
which  no  voluntary  air  motion  can  originate. 

In  spite  of  the  great  rarafaction  by  the  heat  of  the  torrid  zone,  the 
atmosphere  would  nevertheless  remain  at  rest  if  no  disturbance  of  the 
neutral  equilibrium  took  place  in  any  part  of  it.  The  ueutml  equilib- 
rium,with  theadiabatic  temperature  gnulient  belonging  to  it,  isthetnie 
condition  of  the  equilibrium  and  of  the  relative  rest  of  the  atmosphere. 
This  means  that  (apart  from  all  frictiou)  no  expenditure  of  work  is  le- 
quired  to  bring  a  mass  of  air  from  one  height  to  another;  that  is  to 
say,  that  the  energy  consumed  in  the  expansion  of  the  air  under  pres- 
sure finds  its  eiiuiviilcnt  in  the  loss  of  heat  by  cooliug,  and  vice  veria. 
The  general  prevalence  of  neutral  equilibrium  in  the  atmosphere  is 
therefore  the  cause  of  its  state  of  relative  rest,  and  every  disturbance 
of  this  equilibrium  is  of  the  nature  of  an  accumulation  of  energy  and 
has  a  tendency  to  cau^e  currents  In  the  air  and  thus  to  restore  the 
condition  of  neutral  equilibrium.  The  origin  of  these  disturbanccA 
is  to  be  sought  exclusively  in  the  unequal  heating  of  the  air  strata 


'  1  mist  tberefnre  decidedly  object  t«  the  explan&toiy  Btat«ment  of  Dr.  Spmng, 
"thnt  my  aasntiiption  of  the  coDstftntvelocityof  rotntion  of  the  air  wuuld  beaubject 
to  t.heHaiiit^  error,  or  at  IcasconeTeryueaTtoit,  tbatvitiated  the  whole  concept  JOD  of 
Hatlley  and  ilovn  aa  to  the  inQuence  of  the  earth's  rotation  upon  the  motion  of  ths 
nir."  Dt,  Sprang  qaotea,  <|iiite  improperly  ns  a  warrant  for  this  opinion,  the  memoir 
I>;  von  Heiiiholtx  "  Upon  atmoHpheric  niotiona."  Von  Hemholtz  in  thin  mathemati- 
cal investigation  hae  tToate<l  the  hypothetical  case,  viz :  "  If  we  consider  a  rotating 
lin);  of  air,  whose  axis  coiiicides  with  the  earth's  axis,  and  which  is  displaced  eillier 
northward  or  southward  by  the  pressure  of  aimilar  neighboring  rings,  then,  accord- 
ing to  the  well-known  general  meehaaical  principle,  the  moraent  of  rotation  most 
remain  constant."  Thiaisuudoubtedly  correct,  since  in  thiBassnmedoasetbepieflBQie 
of  ticigb boring  rings  does  the  work  of  acceleratiiiii,  but  the  present  question  is  this: 
'Whether  forces  are  deuioustrably  present  whicD  produce  this  displacing  praMarsT 
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by  solar  radiatiou,  and  in  their  nnequal  cooling  by  the  radia- 
tion of  lieat  into  space.  The  solar  radiation  especially  heats  the 
earth's  surfAce,  and  by  meaoB  of  this,  the  lower  air  layers  cocti^oas 
thereto.  The  excess  of  temperature  thereby  prodaced  above  the 
adiabatic  groand  temperatore  (which  latter  corresponds  to  the  average 
heating  of  the  Thole  overlying  air  colamn),  constitates  an  accumulation 
of  free  energy,  like  that  of  a  stretched  spring,  wbieh  can  be  brought 
into  equilibrium  again  only  by  such  a  diffusion  of  the  existing  excess 
of  temiterature  of  the  lowest  strata  upward  through  the  entire  overly- 
ing air  column  a-s  shall  restore  the  disturbed  equilibrium. 

Practically  this  can  only  be  done  by  means  of  air  currents.  In  the 
case  of  a  locally  restricted  overheating  there  will  originate  at  any  favor- 
able place  a  balging  upward  of  the  overheated  air,  which  then  in- 
creases rapidly  in  height,  since  the  upward  thrust  increases  at  a  rate 
pniportional  to  the  height  of  the  natural  chimney  thus  formed.  But 
apart  from  its  height,  this  chimney  is  to  be  essentially  distinguished 
from  an  ordinary  one  by  the  fact  that  it  has  elastic  walls,  and  that  the 
pressure  and  density  of  tlie  air  strata  inside,  as  well  as  outside  of  it, 
diminish  with  height.  Thus  the  air  velocity  during  the  ux>-m8h  in- 
creases in  an  inverse  ratio  to  the  density,  since  in  every  minute  of  time, 
an  e(|ually  great  mass  of  air  most  pass  through  every  section  of  the 
chimney.  Since,  in  consideration  of  the  small  height  of  the  atmosphere 
as  compared  with  the  earth's  radius,  no  increase  of  volume  with  the 
iieight  need  be  taken  into  consideration,  therefore,  in  general,  the  ve- 
locity of  the  air  currents  in  ascending  and  descending  must  increase 
imd  decrease  with  the  locally  prevailing  air  pressure. 

Hence,  also,  in  the  case  of  an  up-msh  of  air,  more  of  the  solar  energy 
wMmmnlated  in  it  is  transformed  into  the  vm  viva  of  moving  masses  of 
air  than  would  be  the  case  withont  snch  an  acceleration. 

In  the  case  of  an  ap-rush  of  a  limited  mass  of  air  overheated  at  the 
([round,  the  final  n^ult  is  a  local  uprush  with  accelerated  velocity  up 
b)  the  higher,  and  even  the  highest,  air  regions,  and  simultaneously  a 
deurent  of  the  air  strata  surrounding  the  upward  currents,  with  a  veloc- 
ity diminishing  during  the  descent,  and  finally  a  diff'usion  of  the  accu- 
mulated heat  at  the  earth's  surface  to  all  the  overlying  air  strata,  with 
sk  reittoration  of  the  disturbed  neutral  equilibrium  of  this  part  of  tbe 
atmosphere. 

In  essentially  the  same  manner,  bat  in  its  outward  manifestation  very 
diRerently,  this  restoration  of  the  neutral  equilibrium  disturbed  by 
solar  radiation  takes  place  when  the  overheating  of  the  air  strata 
adjacent  to  the  ground  extends  over  an  entire  zone  of  the  earth.  In 
tliis  case  the  np-rush  can  no  longer  be  locally  restricted,  but  must  sys- 
tematically surround  the  whole  torrid  zone.  Neither  can  it  be  limited 
asbi  time,  but  the  process  of  adjustment  must  continue  just  as  long  as 
tilt  causes  of  disturbance.  There  must  therefore  originate  a  circulatory 
gytitem  embracing  the  whole  atmosphere,  which  finally  performs  the 
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task  of  conveying  tbe  exoessive  heat  of  the  air  strata  adjacent  to  the 
grouud  in  the  torrid  zone  continnouRly  to  the  entire  atmosphere  at  all 
altitudes  aud  latitades,  and  thereby  restoring,  by  a  progressive  circn- 
latiou,  the  neutral  eqailibrium  disturbed  in  the  torrid  zone. 

If — with  a  consideration  of  the  circumstance  that  the  path  of  these  cur- 
rents can  not  intersect,  and  of  the  further  circamHt^nce  that  the  veloc- 
ity of  the  uprising  <;urreutM  must  increase  with  the  height  iu  a  ratio 
inversely  proportional  to  the  air  pressure  there  prevailiug,  and  finally 
of  the  cin^umstance  that  the  air  must  retain  unchanged  the  velocity 
it  liaa  once  received,  until  it  Is  destroyed  by  friction,  mixtore,  or  tbe 
work  of  compi-ession, — one  attempts  to  construct  the  possible  paths  of 
these  (torrents,  then  he  will  necessarily  arrive  at  the  wind  system  as- 
sumed by  m«,  which  rests  essentially  upon  the  inertia  of  the  overheated 
air  set  in  accelerated  motion  by  the  equatorial  npdraft.  This  in^tia 
not  only  drives  the  accelerated  air  iu  the  higher  air  regions  toward  the 
polos,  b  nt  it  is  also  the  cause  of  it-s  return  in  the  lower  strata  to  the 
equator. 

It  would  lead  me  beyond  the  limited  scope  of  this  memoir  were  I  to 
enter  upon  a  more  extended  investigation  of  the  inertia  effects  of  this 
mass  of  air,  or  upou  the  partly  modifying  influence  of  aqueous  vapor. 
But  permit  me  to  add  a  few  words  upon  the  development  of  the 
great  local  accuiiiulattous  of  energy  which  find  expression  in  maxims 
and  minima  of  air  pressure.  The  total  air  pressure  over  all  parts  of 
the  eitrth  must  be  constant,  since  this  integral  represents  the  unchang- 
ing weight  of  the  tobil  mass  of  air.  A  local  diminution  of  pressure 
must  therefore  be  accompanied  by  an  increase  of  pressure  at  other 
places.  It  is  manifestly  fruitless  to  seek  the  cause  of  areas  of  high 
and  low  pressure  in  the  local  condition  of  the  atmosphere.  These  areas 
are  frequently  announced  by  the  barometer  long  before  any  change  in 
the  condition  of  the  atmosphere  at  the  earth's  snrfiiee  has  occurred. 
Only  light  streaks  of  cloud  are  frequently  wont  to  betoken  a  chaoge 
originating  in  the  higher  regions  of  the  atmosphere. 

In  my  memoir,  "  Upon  the  conservation  of  energy  in  the  earth's 
atmosphere,"  I  have  already  removed  the  place  of  origination  of  areas 
of  high  and  low  pressure  to  the  higher  regions  of  the  atmosphere 
In  these  areas  continuous  changes  of  temperature  and  velocity  take 
place  which  are  derived  from  the  place  of  np-rush  of  the  air, — that  is, 
from  their  previous  temperature  and  humidity.  If  no  change  of  sea- 
sons took  place,  probably  a  greater  regularity  would  prevail  in  the 
upper  currents  of  the  air,  which  then  would  also  give  weather  rela- 
tions a  definite  sequence;  such  a  sequence,  up  to  the  present  time, 
not  been  detected.  We  can  not  judge  from  what  ragioQ  the  air 
which  at  any  point  of  the  earth's  surface  momentarily  flows 
^ard  at  higher  elevations.  The  temperature  and  velocity  which 
r  has  depends  on  the  place  of  up-nish  and  on  the  season  of  the 
Now  since  the  consumption  of  heat  in  the  up-rising  of  the  air, 


Olf  THE  aENEEAL  CIRCULATION  OF  THE  ATMOSPHERE.        185 

(uid  coDseqaently  in  its  cotopressioD  aiider  preBsnre,  depends  entirely 
on  tlie  degree  of  rarefaction  produced,  and  upon  the  height  of  the 
ascent,  then  nearly  the  same  diminution  of  temperatnre  will  take  place 
in  warm  as  in  cold  air. 

The  excess  of  heat  which  the  air  poeseBsed  before  the  uprnsh  must 
foiitiiiae  to  peitaiD  to  the  rarefied  aud  cooled  air,  and  hence,  at  all  alti- 
nides,  temperature  diflFerences  must  exist  of  a  magnitude  similar  to 
those  at  the  surface  of  the  earth. 

Prom  this  basis,  the  condition  of  the  atmosphere  in  general  will  not 
be  that  of  unstable,  but  of  stable  eqnilibriuni,  since  the  higher  air  strata, 
on  account  of  their  equatorial  tendency,  will  be  on  the  average  warmer 
and  lighter  than  the  adiabatic  temperature  gradient  of  the  place  over 
which  they  are  found,  requires.  The  higher  tlie  excess  of  tempera- 
ture of  the  air  before  its  ascent  aud  the  more  vapor  it  contains,  the 
greater  most  be  the  velocity  which  it  acquires  in  rising.  In  the  higher 
strata  of  air  of  middle  and  high  latitudes,  relatively  wtmn  and  there- 
fore light  currents  of  air  of  great  velocity  must  alternate  with  the  colder 
imd  slower  Hewing  ones. 

Such  a  curreut  of  air,  relatively  light  and  warm,  which  takes  entire 
ur  partial  possession  of  the  higher  levels,  destroys  the  neutral  eqollib- 
rinm  of  the  lower  strata.  At  the  surface  of  contact  of  the  strata,  the 
Inwer  air  which  is  relatively  at  rest  must  be  under  too  great  a  pres- 
Niuv.  It  must  therefore  expand  aud  be  carried  along  by  the  lighterair 
which  flows  rapidly  above  it. 

As  von  Helmholtz  has  shown,  this  process  must  go  on  with  great 
energy  under  a  wave  form.  The  result  must  be  an  expansion  and 
up  flow  of  the  lower  air,  which  will  coutinue  nntil  neutral  equilibrium, 
disturbed  by  the  diminished  pressure  of  the  upper  strata,  is  again 
restored. 

The  inverse  case  will  occur  where  the  air  pressure  of  the  upper  strata 
is  increased  beyond  the  amount  belonging  to  the  elevation,  by  reason 
of  <«oIing  and  of  backing  up,  resulting  from  the  narrowing  of  the 
carrent  with  increasing  latitude.  In  this  case  there  will  be  a  settling 
<lovn  of  the  bounding  strata,  producing  a  condensation  of  tbe  lower 
strata  with  a  corresponding  increase  of  pressure.  Finally,  in  both 
cases,  the  disturbed  neutral  equilibrium  must  be  restored  through  the 
ai'lion  of  upward  or  downward  currents,  by  means  of  which  the  air 
strata  lying  beneath  the  soorces  of  disturbance  part  with  or  take  np 
air  nntil  neutral  equilibrium  is  restored  throughout  the  entire  height 
of  the  atmosphere. 

lo  order  to  elTect  this,  the  air  pressure  of  the  tower  strata  must  in- 
i-'retkie  or  diminish  until  it  becomes  adjusted  to  the  pi'cssure  gradient 
Dfiieatral  equilibrium  of  the  disturbing  upper  strata.  That  is  to  say, 
the  pressure  at  the  earth's  surface  must  change  proportionately  with  the 
variation  of  pressure  at  the  elevation  itself,  whereby  the  surprising 
■nagnttude  of  tlie  changes  of  pressure  at  the  earth's  surface  find  their 


186       ON  THE  GBNEEAL  CIECULATION  OP  THE  ATM08PHEBE. 

complete  explanation.  This  change  of  condition  of  the  lower  strata 
by  this  mode  of  adjustment  will  continae  Jost  as  long  as  the  canses 
of  disturbauee  in  the  upper  strata  continue.  Till  then,  areas  of  low 
pressure  with  rising  currents  or  areas  of  high  pressure  with  a  down- 
ward motion  must  prevail  and  set  the  atmosphere  over  an  ei- 
tended  region  into  cyclonic  motion,  ^ot  till  the  air  current  in  the 
higher  strata  of  the  atmosphere  has  ^ain  reached  its  normal  relations, 
will  a  mean  barometric  pressure  and  relative  rest  again  prevail  at  ihe 
earth's  surface. 

The  theory  of  the  general  circulation  of  the  atmosphere  may  now  be 
summed  up  in  the  following  principles: 

(1)  Alt  motions  of  the  air  originate  in  disturbances  of  the  nentral 
equilibrium  of  the  atmosphere  and  serve  the  purpose  of  restoring  it. 

(2)  These  disturbances  are  brought  abont  tlirough  overheating  of  the 
strata  of  air  lying  next  to  the  earth's  surface  by  solar  radiation,  by 
uusyiiunetrical  cooling  of  the  higher  strata  by  radiation,  and  by  bade- 
ing  up  of  the  moving  masses  of  air  in  case  of  the  occurrence  of  resist- 
ances to  the  current. 

{3)  The  disturbances  are  compensated  by  rising  air  cnrrents  having 
an  acceleration  of  such  magnitude  that  the  increase  of  velocity  is  pro- 
portional to  tlie  decrease  of  air  pressure. 

(4)  Corresponding  to  the  upward  currents  are  equally  great  down- 
ward currents  in  which  a  dimiuation  of  velocity  occurs  comparable 
with  tlie  acceleration  in  the  case  of  the  rising  current. 

(R)  If  the  region  of  the  overheating  of  the  lower  air  is  a  restricted 
one,  a  local  up-draft  sets  in  which  extends  up  to  the  highest  part  of  the 
atmosphere,  and  presents  the  phenomena  of  whirl  pilliu-s,  whose  interim 
consists  of  spirally  ascending  cnrrents  and  whose  exterior  is  made  np 
of  similar  spiral  ^r  currents  directed  downward.  The  result  of  these 
vortex  currents  is  to  iUffuae  the  surplus  heat  of  the  lower  air  by  which 
the  udiabutic  equilibrium  was  destroyed  throughout  all  the  overlying 
air  columns  which  take  part  in  the  vortex  motion. 

(6)  In  case  the  region  of  disturbance  of  neutral  (or  adtabatic)  eqni- 
lil>riun]  is  very  extended,  so  as  for  example  to  embrace  the  whole  torrid 
zone,  then  the  e(iualization  of  temperature  no  longer  takes  place  by 
means  of  loovUy  uprising  vortex  currents;  now  these  currents  most 
form  and  encompass  the  whole  atmosphere. 

The  conditions  of  accelerated  uprise  and  of  retarded  down-flow  laid 
down  for  the  local  whirl  still  hold  good,  so  that  the  velocity  of  the 
air  motion  at  different  heights,  develo[>ed  by  the  energy  of  heat,  is 
increased  approximately  in  proi>ortiou  to  the  air  pressure  there  pre- 
vaUing. 

(7)  Since  the  whole  atmosphere  {in  consequence  of  the  continuons 
mcridioual  circulation  set  up  and  maintained  by  the  energy  of  heat) 
must  rotate  at  nil  latitudes  with  approximately  the  same  absolnu 
velocity,  the  meridional  currents  produced  by  overheating  iinito  with 
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(be  terrestrial  current  in  the  great  system  of  atniospberic  circulation 
embracing  the  whcle  earth.  This  ctrcnlatiou  serves  tbe  purpose  of  dif- 
iamog  npvarda  throngb  the  whole  atmosphere  the  excessive  heat  of 
the  torrid  zone,  of  carrying  this  equatorial  heat  and  humidity  to  mid- 
dle and  high  latitndes,  and  of  bringing  al>ont  the  development  of 
local  air  currents  at  those  parallels. 

(S)  Tbe  latt«r  phenomena  take  place  as  a  result  of  the  production  of 
literaatiiig  local  increments  and  decrements  of  air  pressure  arising 
from  the  disturbance  of  neutral  equilibriam  in  the  bigher  strata  of  tbe 
ttmosphere. 

(9)  Areas  of  high  and  low  pressure  are  consequencf«  of  the  temper- 
atnre  and  velocity  of  tbe  air  currents  in  the  higher  strata  of  the 
atmosphere. 

1  consider  the  iavcKtigatiou  of  the  causes  and  results  of  the  disturb- 
iknces  of  tbe  neutral  equilibrium  of  tbe  atmosphere  to  be  tbe  most 
rimdantental  problem  of  mt'teorology,  and  the  investigatioQ  of  tbe 
Eeographical  origin  of  the  currents  which  jmas  over  us  on  their  way 
liiwanls  tbe  pole  to  be  the  moat  important  problem  iu  weather  predic- 
tou. 
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THE  GULF  STREAM.- 


By  j\XEXA.NDBR  AGASSIZ. 


The  Giiir  tStream  is  tliv  be»t  known  ami  at  tlio  same  time  tbunioHt  re- 
markable exaiiijile of  tbe effect  of  weanio  circulation  upon  tliediHtribu- 
tiwi  of  teinpenrture  in  coniiei;tioii  with  the  cairents  of  the  North  Atlan- 
tic. It  liiut  long  been  known  to  geograiiherH  that  a <;oIil  current  coming 
from  (iroenliiiid  Joins  the  Ljibmdor  current,  and  extends  in  a  sontherly 
direction  nlong  t  tic  eatstern  c<mst  of  the  TJuite<l  States,  while  a  warm  ciir- 
rent  ponHng  Ibixnigh  the  Straits  of  Florida  flows  in  theop]M>site  direc- 
tiout  nl'tng  tho  coast  of  tlie  sonthem  Atlantic  States,  and  is  defle^^t^^d 
fromtlie  bnukn  of  Newfoundlaud  crossing  the  Atlantic  diagonally. 
This  lH>dy  of  warm  water  makes  itself  felt  along  the  west  coast  of  the 
BHtisl)  Inlands,  iH-netrutiug  even  as  far  as  the  coast  of  Spifzbei'gen, 
«id  iierbups  beyond,  to  Xova  Zembla.  It  is  impossible  to  discuss  the 
iwnlts  of  the  more  recent  investigations  of  the  Gnlf  Stream  carried  on 
by  till'  Blake,  withinit  Inclnding  the  general  questions  of  oceanic  circn. 
Intion,  and  of  the  thenual  conditions  of  the  Atlantic  in  particular.  I 
!>h»tl  therefore  briefly  state  such  |>ointH,  derived  from  the  cxphtrations 
of  the  Challenger  an<l  other  exiieditions,  ad  will  assist  us  iu  understand- 
ing the  history  ainl  pUysica  of  this  great  oceanic  current. 

Sir  Charles  Lyell  haa  called  att«ntion  to  the  fai-.t  that  in  the  present 
epw-h  the  mo8t  marked  physical  feature  of  the  surface  of  the  globe  is 
iti«  Knbdivision  Into  a  land  and  an  oceanic  hemisphere.  Thomson,  like 
him.  looks  upon  the  oceans  as  continuous,  and  has  happily  styleil  the 
Atlantic,  the  Pacific,  and  the  Indian  oceans  as  great  gulfs  of  the  Soiith- 
«n  Ocean. 

The  stnktug  hydrographic  character  of  the  North  Atlantic  is  its  com- 
|iarative  isolation  from  the  Arctic  Ocetiu ;  the  South  Atlantic,  on  the 
mntrarj',  is  fully  open  to  the  einntlation  of  cold  water  coming  from  the 

'FnitD  the  Bnlltliit  of  Ike  .Vbmhim  of  Comparalire  Zoiilogg,  at  Harvard  College,  in 
I'uilridge,  Maaa.,  vol.  xiv ;  ehap.  ii,  (ip.  241-259. 

t  AloDg  th«  Ajuerioan  coaat  the  BndilrntrnDBilion  froni  tlie  green,  oold,  and  more  or 
Wtnrbid  water  fonnd  along  tbe  roast  and  rontinvntnl  nhelf,  into  the  ilenp  bine 
wtet*  of  the  warm  Oulf  Streftm,  is  ono  which  has  bi-en  noticed  by  all  who  have 
PWKO  from  the  ebore  seaward.  Thin  cold  green  water,  which  haa  such  a  chilling 
a  the  climate  of  the  New  England  States,  followa  the  line  of  the  Atlaatio 


ttef  the  United  States  far  towardathe  baae  of  the  [loninsula  of  Florida. 
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Antarctic  Ocean.  The  Soatb  Atlantic  is  shnt  off  from  its  northern  ares ' 
by  the  ridge  extending  ftotn  St.  Paal's  Bocks  to  Asceasion,  at  a  depth 
of  about  2,000  fathoms.  The  Challenger  Kidge  runs  nearly  north  and 
Bonth,  leaving  a  &ee  commnnication  between  the  Antarctic  Ocean  and 
the  eastern  and  western  basins  of  the  South  Atlantic.  The  Korth  At- 
lantic is  subdivided  into  an  ea8j«m  and  western  basin  at  a  depth  of 
aboat  1,500  fathoms  by  the  Dolphin  Bise,  which  follows  in  a  general 
way  the  conrso  of  the  S-sliaped  Atlantic  basin.  Bidgea  xeparatuig  tbt' 
Atlantic  from  the  Arctic  Ocean  extend  across  Denmark  Straits,  pniba- 
bly  at  a  shallow  depth.  From  Greenland  to  Iceland  the  depth  has  au 
averajfe  of  500  fathomtt ;  from  Iceland  to  the  Fieroes,  au  average  of  about 
300  fathoms,  and  from  there  to  the  Orkneys,  of  not  more  than  220  fath- 
oms. From  the  vonfiguration  of  the  bottom  it  is  evident  that  a  larger 
amountof  cold  water  most  reach  the  tropics  from  the  Antarctic  than  from 
the  Arctic  regions,*  which  are  shut  off  from  the  Atlantic  by  sabmarine 
ridges.  Over  these  and  through  the  channels  of  Baffin's  Bay  but  a, 
limitedamoont  of  cold  water  can  find  its  way  south.  In  the  eastemi 
Atlanticl  the  principal  cooling  agent  inn»t  be  the  cold  water  slowly , 
flowing  northward  from  the  Antarctic  between  the  Challenger  Bidge 
and  Africa.  | 

The  shape  of  the  northern  extremity  of  South  America,  together  with 
the  action  of  the  southerly  trades,  is  such  as  to  split  the  aontberu  equa- 
torial current,  niid  to  drive  aconsiderable  partof  this  southern  current 
northward  to  join  the  westerly  drift  which  flows  to  the  northward  of 
the  Greater  Antilles  and  Bahamas.  The  phenomena  of  oceanic  circuht 
tion  in  their  simplest  form  are  here  seen  to  consist  of  westerly  cnrrenbt 
impinging  u|>on  continental  masses,  deflected  by  them  to  the  northward 
and  eastward,  and  grudually  lost  in  their  i>ohir  extension.  ' 

There  is  on  the  west  side  of  the  North  Atlantic  an  immense  body  of ; 
warm  water,  of  which  the  Gulf  Stream  forms  the  western  edge,  flowiug  ' 
north  over  a  large  body  of  cold  water  tbatcomes  from  thei>o)es  and  flows  ' 
south.    The  limits  of  the  line  of  coutlict  between  these  masses  are  con-  i 

'The  temperature  line  riiu  diagonally  acroHH  thuAtlimtki  frum  Miuleira tu Tiiatau 
da  Cntiha  by  th«  Challi-mjKr  \>riafg»  'iiit  tlic  remarkably  sfaiiUow  Mtratnm  of  nam 
iraWr  of  that  part  of  tlieei|iiatoTial  roicioua  which  rorreaponils  to  the  regioimof  tbv  j 
traftewiwln  lintii  nortii  and  south  of  the  iic|iiatur.    The  temperatiiree  of  the  bell*  of  \ 
waUT  l>et\TeeLi  200  aiiil.WOfjthouiB  north  atid  Hontliof  (heliDeplaiuljaliowthatthc 
colder  wat«r  fuiiud  south  iif  the  equator  can  mitcDiiiofVom  the  wanner  northern  bell  ' 
of  the  same  depth,  but  muHt  eimic  from  the  colder  belt  ndjoiiiing  the  equatorial  rt- 
gioD.     lu  other  words,  the  rolil  wiiter  may  bti  said  to  rise  towards  tlio  surface  near 
the  equator;  and  from  tlio  temperature  of  the  two  aides  of  the  North  Atlantic  it  is 
also  evident  that  the  supply  of  cold  water  Howing  from  the  Antarctic  into  thr  At 
lantic  is  greater  than  that  coming  from  the  Arctic  regions.     This  vertical  circula- 
tion, characteristic  of  the  equatorial  belt,  is  inaJgniQcant,  however,  when  cotDpared   i 
with  the  great  horizontal  oceanic  curreDtA.  . 

t  In  the  Pacific  the  amount  of  cold  water  flowing  iDto  it  throngh  the  narrow  mi  ', 
shallon-  Itering  Strait  is  iuttuitesimal  compared  with  the  mass  of  cold  water  creep-  , 
iiig  northward  into  the  Pacific  golf  from  the  depthn  of  the  Soatbem  Oceao. 


e  Sootbem  Oceao. 
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■tantly  changing,  ac-cording  to  the  Reasons.  At  one  time  the  colder 
water  ^m  Davis's  Straits  spreads  like  a  fun  near  tbe  surface,  driving 
the  Golf-  Stream  to  the  cast,*  and  at  another,  large  masses  of  warm 
water  extend  towards  the  Faroe  Islands,  with  branches  toward  Iceland 
and  the  coast  of  Portugal. 

An  examination  of  an  is«>therma1  chart  of  the  Atlantic  clearly  shows 
the  effet^t  of  the  idolatioD  of  the  Northern  Atlantic,  the  area  of  tiiaxi- 
muni  temperatnre  (Uli^)  extends  over  a  far  greater  space  in  the  North 
than  In  the  Sonth  Alantic.  TheOulf  of  Mexico  and  the  Caribbean  be- 
come gveatly  sni>erheated  in  September  (to  above  86°),  theefi'ectof  this 
sQperheaUng  in  conjunction  with  the  westerly  equatoiial  drift  being 
Men  clearly  in  the  northerly  extension  of  the  isothermal  tines.  In  tho 
South  AtlantiCff  owing  in  i>art  to  the  greater  regularity  in  the  shape  of 
the  basin,  the  difference  iu  the  extension  of  the  isothermal  lines  is  but 
little  marked. 

The  temperature  sections  of  the  Challenger,  from  Teneriffe  to  Som- 
brero, show  remarkably  well  the  gieat  contrast  in  temperature  between 
the  eastern  and  western  ba-tiits  of  the  Atlantic,  which  are  separated  by 
the  Dol[>hin  Rise.  In  ttic  eustern  basiD  the  cold  water  on  the  bottom 
K  HiippIitMl  by  the  inilratt  troni  the  South  Atlantic,  while  the  warmer 
nirface  water  <>f  the  western  basin  is  due  to  the  westerly  equatorial 
Lurrente.  We  seem,  therefoi-e,  to  have  masses  of  water  of  different 
trmi>erature8  accumulated  at  <^ertaill  points  by  surface  or  bottom  cur- 
Rnts,  to  be  distributed  again,  either  north  or  south,  into  the  generat 
oceanie  circulation,  thus  restoring  the  equilibrium  disturbed  by  the  un- 
equal distribution  of  heat  and  cold  on  the  surface  of  the  ocean. 

AuDtber  temperature  section  (Pig.  1),  which  I  shall  borrow  from  the 
Ckallenger  sounilings,  to  complement  the  work  of  the  Blake  in  the  same 
regions,  is  that  which  extends  from  Halifax  U*  the  Bermudas,  and  thence 
to  St.  Thomas.  The  temperatures  observed  by  these  vessels  show 
plainly  the  path  of  the  warm  surfm-e  water,  which  flows  outside  of  the 
West  India  Islanils,  and  joins  the  Onlf  Stream  proper,  whose  waters 
when  nnited  are  banked  against  the  cold  Labrador  current  in  its  coorse 
along  the  American  coast. 

.  Undoubtedly,  the  early  observations  made  upon  the  temperature  of 
the  ocean  were  defective,  owing  to  the  somewhat  imperfect  instruments 
at  the  disposal  of  the  early  ex|>lorers;  yet  they  determiiietl  the  general 
position  of  the  ci>ld  and  warm  currents  of  the  oceiui  along  oar  shores. 

'Thoilireetiuii  from  wbirh  the  i-nrrentx  i-oiiie  is  plainly  nhuwn  hy  the  uatureof  the 
bottom  Hpocimeui,  mtide  uj>  iu  ])nrt  i)f  g1obi!;erinie  l)rnu);ht  by  Iho  wanner Houtberljt 
nnfacc  currentii,  and  in  ]>art  of  iiorthuru  f»raminil«ni  »uil  of  volcaoic  hboiI  tlerivml 
from  Jon  Mft;en  ftiitl  8pitzlH>rgeii.  The  ilividing  Hiioii  lietwocn  the*ie<iepoeitfl  iiiny  bo 
ronnidered  as  tliu  lioimilariea  of  the  arctic  auneut  where  it  piuutes  undut  tlie  Uulf 

tTbe  parallelism  of  tomperature  ia  sIbo  very  marlipd  in  the  SiiutLi  Pacifii-,  wlii're 
tfapre  areiiodintiir1iin)(  inUuencoH.  (Soo  J.  J.  Wild,  Thalaaia,  dil.  xv.)  oM  Ckal- 
laijar  TeiuperatuTda.}  Uiyiii^eu  r/  CiOOqIc 
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Tbe  temperature  of  the  oceaaic 
biL8iii  depeutlH  upon  tbe  deptb,  tbe 
latitude,  the  currents,  and  the  sea- 
sons;  that  of  luediterraiieana  (land- 
locked seas)  IB  controlled  by  other 
cait»e»,  which  wjn  be  more  fhlly  dis- 
cussed when  we  come  to  treat  of  the 
temperature  of  the  Caribbean  and 
of  tbe  Gulf  of  Mexico.  Tbecoostants 
are  the  depth**  and  latitude,  while  the 
disturbing  elenientM  are  represented 
by  the  varjing  atmospheric  and  oce- 
anic caireuts and  the  seiuiions.*  The 
eft'ects  of  seasonal  difl'ereuces  of  tem- 
perature (to  not  extend  to  great 
depths,  >et  act  with  suflQcicut  i>ower 
greatly  t<)  modify  the  force  and  vol 
lime  of  tile  occjinitr  cunvuts.  As  a 
f^'neial  rule,  the tewiiM?niture dimin- 
ishes fi-om  the  surface  toward  tbe 
bottom,  a  bolt  limited  in  depth  (al>ont 
\'>0  fathoms)  alone,  being  subjei^tto 
variations  due  to  the  action  of  the 
sun.  Below  that  the  teuii>erature 
geuenUly  decreases  with  the  depth, 
until  we  reach  the  body  of  water  of 
which  tbe  temperature  may  ia  gen- 
eral be  said  to  be  uniform  (about 

As  explanations  of  the  oceanic  cur- 
rents, we  have  first  the  gravitation 
tlieorj,  which  looks  uiton  the  differ- 
ences of  tenipeniture  and  of  specific 
gravity  of  the  water  at  the  equator 
and  itoles  as  the  prime  caune  of  ore- 
aiiie  lircuhition :  nest,  Thomson's 
tlu'orj",  aw-onling  to  which  the  differ- 
ence in  evaj Miration  a  ad  precipitation 
tH'tween  the  northern  and  southern 
bemispberes  causes  a  conseqnent 
heaping  np  of  water  in  the  soutb- 
'"  .111  oMi'Ili'iii  iHni;nuD.  vhowtnt];  ill  agliare 
II  lli<-  l!<|ii:il  •■iiv^l->prii  to  tlii>  eiuth's  cniBt. 

T.i:  iiri'  f:il!<  hi'low  Ili>l  of  A^K'i'iiiiS  wntvra, 
ihi'  si:rt'^ii'r  uivrnril  the  )>oUoln.  in  wi'll  W 
L>>ii  •>{  tlxx-  varyiug  i-liMiWDtii  may  prodoiw 
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em  hemlspliere,  wbich  south  of  latitude  50°  is  completely  covered  by 
vater;  thirdly,  the  theory  wliicli  attempts  to  account  fur  the  circulation 
by  the  rig  inertia  of  the  equatorial  waters;  and,  lastly,  the  theory  which 
considers  the  trade-winds  and  other  prevailing  wiudtt  as  the  principal 
causes  by  which  oceanic  currents  are  produced.  Franklin,  Humboldt, 
Benuell,  Sir  John  Herschel,  and  Croll  have  supported  this  view  of  the 
origin  of  oceanic  currents. 

Of  course,  until  the  extension  of  the  frictional  effect  of  winds  t4)  great 
depths  has  actually  been  measured,  the  last  theory,  plausible  as  it  may 
appear,  locks  its  final  demonstration.  It  is  by  no  means  proved,  be- 
cause there  ia  an  apparent  connection  in  time  between  the  periodic  va- 
riations of  the  currents  and  of  the  trade- winds,  that  wemustseekinthe 
latter  the  only  cause  for  the  existence  of  the  former.  The  presence  of 
Ihe  Guinea  Stream,  the  position  of  tbe  regions  of  calms  in  tbe  north- 
eniand  southern  hemispheres,  the  diminishing  force  of  the  trade-winds 
as  we  approach  tlie  equator,  tbe  rise  of  the  colder  strata  of  water  to 
■thallower  depths  in  tbe  equatorial  than  in  the  temperate  regions,  are 
(ihenomena  wbich  the  a^^tion  of  the  trade-winds  alone  does  not  seem  to 
viptajD.  Why  may  not  oceanic  circulation,  like  tlie  movemeuts  of  our 
ntmospliere,  be  dci)eiidcnt  uiwn  cosmic  i)henomoiia,  practically  inde- 
liendentof  any  secondary  causes,  and  modified  l>y  them  within  very 
narrow  limits  f 

The  difference  in  salinity  of  certain  o<'eanic districts  is  in  itself  intiufli- 
cient  to  explain  oceanic  circulation ;  so  that  while  the  secondary  canses 
referred  to  above  are  undoubtedly  active  as  prodiicing  more  or  less  ex- 
tensive local  circulation,  wo  seem  justided  in  looking  ui>on  thediffer- 
eDcesof  temperature  of  the  zones  of  the  ocean  as  tbe  principal  cause  of 
tbe  general  oceanic  circulation.  Wc  may  state,  in  the  nmin,  that  the 
density  of  tlie  ocean  water  is  h-ast  at  the  equator,  gradually  rises 
toward  the  poles,  and  attains  its  maximum  at  (ift°  of  latitude.  For 
tlie  sake  of  convenience  we  may  call  the  density  of  the  ocean  as  one  at 
adepth  of  500  fathoms,  and  consider  the  strata  of  water  above  and  he- 
luff  as  having  a  less  and  a  greater  <leiisity,"  within  very  narrow  limits; 
thus  the  watery  envelope  is  not  in  a  state  of  equilibrium. 

The  most  important  distnrbing  factors  of  a  uniform  distribution  of 
organic  temperature  are  the  continental  masses  which  lie  in  the  jtath 
of  the  equatorial  currents.  A  comparison  of  the  [Hisition  of  the 
««eanic  isotherms  of  the  North  and  South  Atlantic  shows  a  striking 
contrast  in  their  course  north  and  south  of  the  equator.  A  similar 
comparison  between  the  Atlantic  aud  Pacific  brings  out  plainly  the 
contrast  in  the  conrs*?  of  the  isotbenns  of  two  oceans,  in  which  the 
diBtarbing  effect  is  due  in  the  one  to  continental  ma-sses  and  in  the 
other  to  large  groups  of  cKreanic  islands. 

'(kean  water,  at  depthn  eKcet^ilin^  1,000  fathoms,  han  a  teiii[H'rHtiirc  of  iicnrly  .'iJJ 
i'.,  tlie  tPiijprriitiirn  i>f  greatest  ili-ii»ity.     Sliimlil  tin-  watir  biToino  either  coIiImotI  , 
inner,  it  unst  ozpaud ;  this  it  citu  nut  iln,  oii  ni'coiiiit  of  tL«  jireMnre.  O 
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I'erliapH  tbe  best  example  of  the  unatable  e<iiiilibrium  existing  be- 
tween a<]joii]iug  oceanic  areas  is  furnished  by  the  heaping  up  of  the 
watei-B  driven  by  the  tradewinda  into  the  Gulf  of  Mesdco  from  the 
Caribbean.  The  lunount  of  this  accumulation  has  actually  been  meas- 
ured by  ofiicerH  of  the  United  States  Coast  Survey.  It  gives  an  addi- 
tional force  at  work  to  keep  up  the  effifiency  of  the  Gulf  Stream.  TLo 
Gulf  of  Mexico  is  considered  by  Mr.  Hilgard  as  an  immense  hydri^ 
static  reservoir,  rising  to  the  height  of  more  than  3  feet"  above  tbe 
general  oceanic  level,  and  froiu  thit*  supply  corner  the  Gulf  Streau, 
which  paSKes  out  through  the  Straits  of  Bemini,  the  only  opening  lelt 
for  its  exit. 

Arago,  Lenz,  and  Leonardo  da  Vinci  before  them,  maintained  that, 
since  the  water  of  the  equator  was  greatly  heat«d  and  lighter  and 
attained  a  higher  level,  there  was  a  flow  of  tbe  surface  waters  towards 
the  poles,  a  compensation  being  establishetl  by  the  flow  of  lower  strata 
from  the  poles  to  tbe  equator.  Tbe  pnncipal  features  of  tliis  thermic 
theory  have  of  late  tbund  their  most  efficient  exponent  in  Dr.  Carpen- 
ter. The  results  of  bis  experiments  to  ])rove  this  theory  upon  a  small 
scale  seemed  to  show  that  the  cooling  of  the  waters  at  the  pole  and 
their  rapid  fall  were  a  more  efficient  force  than  the  beating  of  tbe 
water  at  the  equator.  Ferrell  lia.s  called  attention  to  the  phenomenon 
that  cold  water  at  the  bottom  will  be  swung  more  to  the  westward  tliau 
the  water  at  the  top,  which  will  be  turned  in  an  easterly  direction.  As 
tbe  i»articles  of  water  n.sceud,  they  retain  tbe  velM'ity  they  had  in 
deeper  part's  of  the  ocean,  and  thus,  when  reaching  either  the  surface 
or  lesser  depths  than  their  original  position,  they  must  show  themselves 
as  pnMlucing  a  westerly  cuiTent.  This  enrrent,  deflected  by  the  cou- 
tiuental  masses  as  it  strikes  the  east  coast,  would  then  be  set  in  motiou 
towards  either  the  north  or  south  jMde.  At  the  equator,  the  water 
which  flows  westward  from  the  eastern  shores  of  the  (continental  masseti 
can  only  l>e  replaced  by  the  compensaiting  waters  flowing  t«  it  fh>mtbe 
north  and  south.  This  circulation  fairly  agrees  with  tbe  phenomena 
observed  in  the  South  and  Knrth  Atlantic. 

It  is  interesting  to  trace  tbe  gradual  development  of  our  knowledge 
of  the  Gulf  Stream  and  to  see  bow  far-reacbing  has  been  the  influence 
of  the  weimic  currents  ui>ou  the  explonitions  of  maritime  nations,  and 
the  eftiMJt  these  have  had  In  their  turn  on  the  discovery  of  America 
and  its  settlemeat.t  The  hardy  Noi-se  navigators,  nearly  Qve  handrcd 
years  before  Columbus,  sjtiled  along  the  eastern  sliores  of  Greenland 
and  Americm  and  extendeil  their  voynge  iwssibly  as  far  south  as  Nar- 
ntgansott  llay,  following  the  Labrwlor  current,  which  swept  them  along 
our  eastern  shores.     It  was  well  known  to  navig-ators  that  upon  tbe 

*  Ry  A  muat  c^irrfnl  Mripn  of  In-fU.  run  rr»iu  S:iiiily  Honk  and  the  luuiith  oT  lite 
MwiiMipiii  KJi-iTtoSt.  I.oiiid,  it  wasulU.'.vfriHl  Ihjit  tho  Atlanlir  ()craD  attbeOwt 
imiiit  iH-tOiuctitvlittTprtlian  Ihclliilf  of  MFxii-a  :il  ibv  ui«iilh  «f  tbe  MiHSiacippi. 
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ffCRtern  Blinres  of  \orway  ainl  tlu(  iioillieni  coasi  of  (iieitt  liritatii 
drittwooti  of  niikiiiiwii  timbor  and  sewlH  "f  plants  foreign  to  the  toni- 
j>enite  zone  were  occaKioniilly  xtianclcd,  i-oiiiiii(r  fnnn  nbores  vrhere 
])robubly  no  IOiirot)pau  liacl  as  yet  set  foot. 

The  I'ortiigneHe  navigators,  sailing  west,  came  beyond  the  (Canaries 
to  an  ocean  covered  with  seaweed  (the  gnlf-vee<l  of  the  Sargasso  Sea), 
through  which  none  dared  to  push  their  way,  and  the  problem  of  the 
"Sen  of  Darkness"  remained  unsotvetl  until  the  tinieof  Gohimbus.  He 
possibly  WHS  familiar  with  the  triuUtions  of  the  voy^es  of  the  Norse- 
nieu  and  nndoubtedly  hiul  access  t4i  more  or  lesx  accurate  information 
rogartliiig  tbe  Atlantic,  acennmlated  previoun  to  his  time  in  the  ar- 
chives of  Portugal  and  Spain  or  circulated  among  the  sea  folk  of  that 
day,  aad  this  information  included  legends  of  lauds  to  the  west,  Co- 
ImnbuB  started  under  the  full  persnasion  that  be  could  reach  tbe  lands 
from  wbicb  the  remarkable  products  bmught  by  the  cmi-euts  had 
originated.  Wbeu  be  came  into  the  region  of  tbe  northeast  trades 
awl  found  himself  swiftly  carried  westward,  not  only  by  the  winds,  bat 
also  by  a  current  moving  in  the  directiou  of  the  trades,  his  return 
seemed  very  hazardous,  unless  be  could  strike  upon  that  opposite  cur- 
rent  which  had  borne  tbe  trees  and  seeds  to  tbe  northern  coa«ts  of 
Earopc.  Obliged  by  the  trades  to  take  a  northerly  course  on  bis  way 
home  from  Hispantola  in  14!I3,  he  came  upon  the  region  of  variable  and 
westerly  winds,  with  a  current  setting  in  the  same  direction.  (Jolum- 
boswas  thus  the  first  to  introduce  the  circular  sailing  course  which, 
np  to  the  present  day,  vessels  sailing  from  tbe  West  Indies  to  Europe 
are  compelled  to  take.  They  come  before  the  wind  with  the  trades, 
make  the  Windward  Islands,  and,  sailing  northward,  find  their  way 
through  the  Windward  or  the  Mona  Passage,  until  they  reach  the  belt 
of  variable  and  westerly  winds,  when  they  steer  toward  the  European 
shores  again. 

After  reaching  the  Mexican  const,  Columbus,  by  one  of  bis  broad 
generalizations,  practically  discovered  the  Straits  of  Florida,  arguing 
that  it  must  have  an  outlet  into  the  Atlantic  and  that  he  would  thus 
escape  the  tedious  voyage  in  the  teeth  of  the  northeast  trades,  which 
would  be  his  lot  if  he  attempted  to  find  his  way  borne  by  the  usual 
route  of  tbe  W^indward  or  the  Mona  Passage.  In  1519,  an  expedition 
iuspired  by  Alaminos  was  dispat^-hed  by  Garay,  governor  of  Jamaica, 
to  follow  the  easterly  current  running  along  tbe  northern  shores  of 
.  Cqba.  The  expedition,  however,  did  not  suftceed  in  passing  to  tbe 
eastward  of  Cape  Florida. 

Ad  accurate  knowledge  of  the  currents  and  winds  enabled  the  free- 
booters of  the  sixteenth  century  to  carry  on  their  depredations  with 
impnnity,  and  tbeir  snccessors,  the  wreckers  of  the  Florida  reefs  and 
Bahamas,  made  use  of  their  intimate  knowledge  of  tbe  coasts  and  of 
tbe  winds  and  currents  to  obtain  commercial  advantages,  not  alwavs 
by  the  moBt  honest  methods.    With  tbe  mapping  of  the  reefs  by>^i^' 
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Coftst  Survey  all  tliU  bas  disappeared,  aud  tlie  lighting  of  the  great 
bighvay  of  the  Straits  of  Florida  has  reduced  to  a  miniinam  the  daa- 
gers  of  navigation,  though  the  Tortugas  are  still  a  favorite  resort,  even 
in  broad  daylight,  for  old  ships  properly  iusured. 

The  captain  of  one  of  the  Spaiiish  vessels  was  carried  south,  off  the 
coast  of  South  America,  by  the  current  which  sweeps  from  Cape  St 
Boqne  along  the  shores  of  Brazil,  and  involuntarily  discovered  the  Bra- 
zilian shore  curreut.  Though  these  dilferent  currents  were  known  to 
exist  in  the  Atlantic,  the  most  crude  notions  of  their  origin  and  course 
prevailed.  (Fig.  3.)  According  to  Columbus,  at  the  equator  the  waters 
of  the  ocean  moved  westward  with  the  heavens  above,  rolling  over  the 
tixed  earth  as  a  center.  It  was  only  iu  the  seventeenth  century  that 
physicists  began  to  suspect  a  connection  between  the  currents  and  the 
rotation  of  the  earth,  a  view  afterwards  niaiutaiaed  by  Arago  and  Hum- 
boldt 

The  first  scieutitic  basis  for  the  exploration  of  the  Oulf  Stream  was 
undoubtedly  due  to  Franklin.  At  the  time  he  was  Postmaster-General 
of  the  colonies,  his  attention  was  called  to  the  fact  that  the  royal  mail 
packets  made  much  longer  passages  to  and  froin  Europe  than  the  trad- 
ing vessels  of  Massachusetts  and  Khode  Itnland.  On  talking  the  mat- 
ter over  with  Capt  Folger,  of  Nantucket,  he  iirst  learned  the  existence 
of  a  strong  easterly  current,  of  whi<^h  the  New  England  captains  took 
advantage  in  going  to  Euroi>e,  and  which  they  avoided  by  sailing  a 
uorthei'ly  course  on  the  home  voyage.  Folger  also  called  Frankhn's 
attention  to  the  fa«t  that  this  current  was  a  warm  one."  He.and  Dr. 
Blagdcii  becoming  interested  in  the  question,  Franklin  set  out  to  ascer- 
tain the  size  of  the  current  and  its  temperatuit'.  Soon  after,  Franklin 
published  the  first  chart  of  the  Gulf  Stream  (Fig.  4),  for  the  benefit  of 
navigators,  from  intormation  obti.Ined  from  Kantucket  whalemen,  who 
were  extremely  familiar  with  the  Gulf  Stream,  its  course,  strength,  and 
extent. 

From  the  time  of  Franklin  until  th(?problem  of  the  (iulf  Stream  was 
again  attacked,  in  lSi5,  by  Franklin's  descendant,  Pntf,  A.  D.  Bache, 
of  the  United  States  Coast  Survey,  many  ingenious  theories  were 
published,  but  nothing  was  added  to  our  knowledge  of  the  origin  and 
structure  of  the  Gulf  Stream,  Humboldt,  Arago,  and  others  attempt*^ 
to  trace  in  the  Gulf  Stream  a  secondary  efl'ect  of  the  tiade-winds,  and 
of  the  rotation  of  the  earth.  The  officers  of  arctic  expeditions  sent  to 
Spitzbergen  did  not  fail  to  see  the  effect  of  a  mass  of  warm  water  - 
passing  northward,  and  Von  Baer  was  among  the  first  to  wmsider  this 
body  of  water  as  an  eastern  extensionof  theGnlfStream.  Meariwliil^ 
the  arctic  explorers  of  Baihns  Bay  and  western  Greenland  found  tbem- 
selves  baflled  in  their  eiforts  to  reach  high  latitudes  by  the  powcrfiii 

■  It  wfts  iiotircil  by  I.tracarliot,  in  1605,  that  fur  north  tbere  wn«  a  masa  of  wi""' 
vater  moviii);  tow.ird  tlii^  toot,  und  that  both  north  aitd  Bonth  of  it  the  mlM  o* 
Hlantio  wttaouoler.  CdHqIc 
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N<>iiMi(^rly  current,  oirryitif;  with  it  fields  of  iue  or  huge  icebergs,  which 
hiul  fiiiiiiil  tbuir  way  simtU  below  tlie  Rootlieru  liinitH  of  the  Bauks  uf 
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Tlie  earlier  work  of  tlie  Coast  Survey  in  its  iiivM:«tigatiou8  into  tlie 
gtnirtiirA  of  the  ti^nlf  Stream  {IfiAH  to  1860)  <^onsiHted  in  lualiiiig:  nvif- 
tioDH  acro88  tlie  stream,  from  tlie  Straits  of  Bemioi  a»  far  north  as  ttie 
latitude  of  Kantucket.  Pi-om  tlie  utudies  of  Craven,  MafRtt,  Bacbe, 
ani]  Davis  were  developed  the  Ho-(;aUe<lcold  and  varm  bands,  believed  at 
that  time  to  be  the  principal  eharacteriKtie  of  tlie  Oulf  Stream.  The 
accompanying  map  (Fig,  3),  published  in  1860  by  the  Ooa«t  Survey, 
Till  serve  to  illustrate  the  ntriictuie  of  the  Gnlf  Stream  as  it  waH  then 
nnderstood;  namely,  as  a  siKoesHion  of  beltJi  romposed  of  warm  north- 
erly cnrrentH  flowing  side  by  side  with  a  eold  southerly  cnrrent,  or  of 
acold  southerly  current  which  bad  found  ite  way  under  the  warmer 
nortlierly  currents.  These  alternating  belts  had  no  definite  position, 
tiie  size  of  the  colder  bandt*  and  wai-mer  belts  being  dependent,  the  one 
upon  the  force  of  the  arctic  current,  the  other  upon  that  of  the  tropical 


-Cliaaens"  ulwer 


nirrent^  increased  in  breadth  and  volume  lieyond  the  Bahamas  by  the 
whole  of  the  warm  belt  of  surface  equatorial  water,  which  is  defiected 
northward  by  the  Windward  Islands,  instead  of  forcingits  way  through 
the  passage  between  the  Windward  Islands,  the  Mona  and  Windward 
P^Bages,  and  the  Old  Bahama  Passage.* 

'GrpBt  aa  1»  omtoiibtedly  the  effpct  of  the  Gulf  .Streum  proper  (Fig.  6)  lu  ioci%aB- 
mg  the  temperatnre  of  the  water  in  iiorthem  latitiideB  Bnhjoct  to  itH  influence,  ne 
mnBt  uot  fuTget  to  add  to  it  thut  of  the  greati^r  muas  of  heated  water  which  ia  forced 
lortli,  and  finda  ita  way  to  the  northemmoet  shorea  of  Siberia,  losing  iu  its  pasaage 
Ute  heat  it  faaa  aecnmulated  williin  the  tropica.  So  thaf,  vhile  we  can  not  say  that 
tha  Gulf  Stream  has  disappeared,  ami  has  lieen  replaced  off  the  Banka  of  Xewfound- 
'kud  by  the  eqnatorial  drift,  neither  run  we  attribute  to  the  Atlantic  drift  alone  thu  - 
Biuus  of  warm  wal«r  found  iu  the  baain  of  the  northern  part  of  the  North  Atlantic. 
(8wFlga.  lands.) 
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Conimauder  Bartlett  round  no  warm  or  cold  bauds,  uo  distinct  cold 
wall,  and  uo  bifurcations  in  t  be  Kurfuce  waters  till  hccameoff  Uatteras, 
Near  the  shore  the  cnrreut  was  (jrcatly  iiifluenifd  by  winds.  Thu 
work  of  the  Blake  seems  to  show  that  the  cold  bauds,  so  called,  whicb 
figure  so  largrely  in  all  early  descriiitious  of  the  Gulf  Stream,  have  uo 
regularity,  and  only  represent  at  any  given  moment  tlitMiiiceaKiiifr con- 
flict going  on  between  hiyers  of  walci-  of  diftftreut  velocities  and  of  dif- 
ferent temperatures.  Such  a  coutlict  is  perlia])s  the  well-known  rip 
we  encountered  off  Charleston,  wLich  may  bo  caused  by  a  struggle  be- 
tween portions  of  the  Labradui'  cnrreut  passing  under  the  Gulf  Stream. 
As  tlie  isotherms  rise  and  fall  with  the  irregularities  of  the  bottom, 
where  water  accnniiUates  or  piles  against  ridges,  hot  and  cold  bands 
may  be  flowing  one  above  the  other.  We  need  however  more  pro- 
longed obser\-ations  to  show  how  far  below  the  surface  these  bantls 
extend.  Commander  Barth-tt,  from  the  la^t  Coast  Survey  investiga- 
tions under  his  direction,  is  inclined  to  consider  the  cold  bauds  of  the 
Onlf  Stream  as  4|uite  sujicrflcial.* 

A  cold  current  striking  against  a  warmer  stream  that  is  flowing  in 
the  opposite  direction  may  split  it  into  more  or  less  marked  hot  and 
cold  bands.  Bands  similar  to  those  of  the  Gulf  yti-cani  were  observed 
by  the  Challenger  in  the  Agidhas  current  <»ff  the  Cai)e  of  GimkI  Ho|)e, 
and  off  Japan  in  the  Kuro  Siwo. 

It  is  of  course  diflicuit  to  ascertain  the  part  taken  by  the  trade-winds 
in  originating  the  oceanic  circulation  of  the  Atlantic.  That  winds 
blowing  steadily  from  oue  quarter  give  rise  to  imwerful  currents  Is 
well  known,  and  it  it4  not  dilficutt  to  imagine  the  prominent  part  the 
trades  must  play  in  setting  in  motion,  in  a  southwesterly  and  a  north- 
westerly direction,  the  mass  of  wat<^r  over  which  they  sweep  so  persist- 
ently on  each  side  of  the  e<]uator. 

The  change  of  currents  in  the  Indian  Ocean  due  to  the  shifting  of 
the  monsoons  is  well  known.  JIow  far  below  the  surface  this  action  of 
the  winds  reaches,  is  another  (luestion.^  Theoretically  it  has  been  cal 
culatcd  by  Zoeppritz  that  one  huudrcd  lliousand  years  is  ample  time  bt 
allow  the  fVictionof  the  particles  lo  extend  from  tlie  snrfiwe  t<)  thelwt- 

'  Iri  HAilin):  rmm  ^»lifu^  t<i  thu  Ih^rmiiiluH,  Sir  \V^vvi]|i>  T1iom8«iiit|K'aksf)f  psMiaf; 
alteruate  belts  of  colli  uiiil  uarni  wulur.  Kiirly  iti  tlio  iiiiiriiiuj;  Df  tbo  2:iit  o(  H*}- 
tLe  Burfikco  water  was  of  n  timiii-iuttirc  of  17-  ('.[  ut  iimliiiabt  it  had  falW  Hi  li 
C,  to  riseagaiu  half  iui  hour  lat'T  t"  over  15'  C.  Tliiis,  fvoui  the  time  tbeCWfc"- 
l^n-left  Halifux  with  nHiirfiii'oteuijier.'if  lire  of  4M'.,  Rimliinlly  rising  to  10°  C.uii'i' 
Hhe  em-ouut^-rcil  the  (iiilf  Slreuni  prujiev,  marked  by  a  rnpiil  risoof  lemiirratnri',  th' 
]iaiiiu>(1  through  alternate  belt«  of  whitii  and  endlcr  Riirfaee  waters  vur^'iiig  l>etwi«o 
18^C.  aaclaa^C. 

I  The  movement  amiiig  from  the  art  ion  uf  the  wiihIk  nnlhesiirfaio  in  iransmilteil 
by  friction  froui  oue  layer' to  another  imil  ouiiiiiiiuiifntcH  (be  velocity  of  theapinr 
imrtielefl  to  the  iimlfrlying  layers  in  smeessiuii.  If  this  is  cuiitiniiud  long  enough, 
the  voloviliyiif  the  Jowirnt  layfra  willociual  within  a  Irai-tion  thatortbeutoKr  iByt' 
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torn,  say  to  2,0(M)  fatlioDis,  were  the  wiudstoblow  without  iiitermiBsion 
in  oue  direction  dariug  that  tituc,  with  the  average  i)ower  tliey  are 
kDowD  to  possess." 

We  may  imagine  the  whole  of  the  luaisH  of  tlie  Atlantic  witliiu  the 
beltof  the  trade  winds  to  be  moving  iu  a  westerly  direi'tion  and  im- 
pinging upon  the  continental  slope  of  Uouth  Anierica,f  and  apon 
the  Windward  Islands,  at  which  ]ioint  it  iRdetieoted  either  in  asouth- 
eriyor  northerly  direction  or  forces  its  way  into  the  Caribbean,  In 
oar  present  state  of  knowledge  it  is  difticnlt  to  tr^K'O  the  path  of  the 
equatorial  water  as  it  is  forced  into  the  eastern  Caribbean.  Com- 
maoder  Bartlett  supjioses  that  it  is  warmed  in  the  Caribbean  by  circu- 
lating round  th«  whole  basin.  The  water  which  is  swept  into  the 
Caribbean  by  the  trade  winds  through  the  passages  between  the  WiTid- 
tFord  Islands  and,  l>eing  then  driven  into  the  Old  Haliama  Channel 
rnnuel,  fiows  through  the  Windward  Passage,  represents  a  far  greater 
matts  than  that  which  can  find  its  way  into  the  Gulf  of  Mexico  through 
the  Straits  of  Yucatan  or  that  of  the  stream  tlowing  north  through  the 
Straits  of  Itemini.  This  is  the  actnal  Gulf  Stream,  a  body  of  super- 
b»ated  water  filling  tlie  whole  straits;  it  has  an  average  depth  of  about 
330  fatlioms  and  a  velocity  extending  to  the  bottom  of  at  least  3j  miles 
an  hour.t 

The  section  of  the  Yucatan  Channel  is  too  small  to  allow  for  an  out- 
flow equal  to  the  inflow  into  the  Caribbean,^  so  that,  after  the  trades 
have  ceased  to  force  the  equatorial  water  into  the  Caribbean  basins,  it 
must  remain  there  a  considerable  length  of  time  before  it  passes  into 
the  Gulf  of  Mexico,  where,  owing  to  similar  difterences  between  the 
rjte  of  inflow  and  outflow,  the  water  must  still  become  more  sui)er- 
heated. 

We  must  therefore  consider  the  Gulf  Htre^tm  proper,  as  it  emerges 
fiom  the  Straits  of  Bemini,  as  an  immense  body  of  super-heated  water 

■It  in  therefore  poHniblfi  tUat  fuirenla  wliicli  owe  tlieir  I'xiHteiico  tii  causea  that 
have  becD  iuo<iifieil  to  a  certiiin  extent  alioiiM  ntiil  eNint  in  the  ooonii  long  after  llio 
tonditiima  prmliiring  thorn  (uotiug  fnini  the  Hiirl'ace)  liavu  c.-eii»i'il  to  lie  ofTt-'cthe  l>y 
any  break  of  contiuuity  ilue  tu  the  liitcrpiMiitiun  of  iHlnmlH  cir  <if  hiiiiks  in  thetnick 


IDiil  the  (tiilf  Ijtretuii  not  moot  conLiiieuta]  ninnses,  it  n-«iild  aimgily  oxjiaud  north 
Uulwiith,  losing  its  initial  velocity,  iinil  grailiiiilly  vwil  ilowii  tinviirilM  the  Jioli-a, 
the  full!  penetratinj;  all  tho  <l(ve]>eT  porCiotiH  of  tlin  ocean,  jiiHt  iin  w  linil  it  reiicliin'; 
■hrliigherHnmniits  that  riHe  above  the  lino  of  )M<r)ietiinI  iiniiVT. 

iCurrent  oliservatioQH  taken  by  Miti-hell  oir  the  euniit  of  Ciih:i,  in  tlio  <li«j>  purt 
of  the  <jiilf  Stream,  ahow  tliut  it  hiia  ii  nearly  MDiform  anil  coimiiint  velocity  lur  n 
lieptli  of  600  fathoms,  althongh  tlie  t^iiiperuturo  varii'S  •10'^  V. 

(  A  jiart  of  this  wnler  omergiia  again  at  a  higher  tenii>eratiiri!  betneeii  (inode- 
hinpesnil  lUiti  ami  joins  that  portion  of  the  eijnatoriiili'nrrRnt  whieh  lincls  itH  way 
into  the  Windnani  l';is.iage.  Tliin  iiiereaned  tenipni'ntiireniuy  lie  ilrio  to  its  pasa- 
iufc  over  shoali  anil  bauka  at  the  northeastern  end  of  the  eaHlerii  basin   of  the 

'^"«""-  n,j„,z..L,  Google 
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retaiiiitig  an  initial  velocity  whicb  nriginated  iu  lower  latitudes,  tben 
losing  boMi  its  vulncit.v  and  its  heat  mi  itj*  way  north.' 

The  StraitK  ul'  FInrida  have  a  width  <if  about  48  miles  betweeu  Jupi 
t«i'  Iidet  and  Memory  Bock ;  tho  greatest  depth  ia  439  fathoms,  aiid  tie 
(iross-section  4;y),000,000  square  feet,  Atthreeknots,  the  delivery  would 
be,  as  calculated  by  Commander  Bartlett  about  436,000,000,000,000 
tons  a  day,  an  amount  of  warm  water  far  leas  than  we  find  over  tlie 
North  Atlantic,  which,  as  has  been  Rhown,  is  derived  from  the  western 
set  of  the  equatorial  current,  Joining  the  Giil  I'  Str4-ani  in  its  way  towank 
F'Uropean  shores.f    (See  Figs.  1-6.} 

Commander  Bartlett  thus  describept  the  general  course  of  the  Onlf 
Stream : 

"  The  Gulf  Stream  has  for  its  western  bank  the  100-fatboro  curve  an 
ftj  as  Cape  Hatteras.  It  has  a  depth  of  400  fathoms  as  far  as  OharlM- 
ton,  where  it  is  reduced  to  300  fathoms;  but  the  Arctic  current  has  for 
its  western  bank  the  1,000-fathom  t^urve,  which  is  quite  close  to  Hhoal 
water  from  the  George's  Bank  to  Hatteras, 

"  The  average  surface  temperatuie  in  the  axia  of  the  Ktreain  rarely 
exceeded  83°  F.  in  June  and  July.  On  one  or  two  occasions  the  ther 
mometer  read  as  high  as  Sti°  and  once  89°;  but  it  was  at  high  noon  in 
a  dead  calm.  The  temperature  at  !>  fathoms  did  not  range  above  the 
average  of  81Jo 

"The  increase  of  temperature  of  the  surface  wan  found  as  we  entered 
the  current.  -  -  - 

"  The  surface  temperatures  did  not  indicate  a  cold  wall  inside  of  thf 
stream  and  the  water  inside  of  the  100-fathom  line  to  the  shore  seemed 
to  be  an  overflow  of  the  stream,  as  the  temperatures  to  5,  10,  and  l-'i 
fathoms  were  nearly  as  high  as  those  found  in  the  stream. 

"  The  temperatures  at  the  bottom  in  the  stream,  at  corresimndint! 
depths,  were  the  same  as  those  found  in  the  Windward  Passage,  and 

'  Between  Halifax  and  tlie  liermiiilaH,  the  Mctiou  of  the  Qnlf  Stream  uligeiveil 
by  tbe  Challenge'  was  conleil  1''  C,  oh  compan-tl  witli  that  of  the  Bermudas  I" 
New  York,  Tlit)  Giilf  Stream  retains  ita  lioat  as  a  uurface  current  as  long  as  tlr 
tempoTuture  is  BiifilcieutI)-  high  to  uiuke  it  lighter  than  the  Hurroiiu<liiig  vuier. 
Hi  grent«r  Halinity  ciiattes  it  to  eiuk  below  tiie  comparatively  fresber  irat*r  v( 
northern  latituilea.  Similarly,  the  Arctic  current,  when  it  reoclien  a  cerUtin  latitiii1« 
along  uur  eastern  coast,  sinks  from  its  greater  specilic  gravity  below  the  warmei 
satrace  cnrreuta  and  continues  its  way  Bonth  as  an  tiiidemirreut  of  cold  water. 

I  It  might,  perhaps,  be  advisable  to  diEtlngDish  between  the  eastern  eitenaicinof 
the  Gulf  Stream,  combined  with  the  Atlantic  drift,  find  the  Gnlf  Stream  proper,  nn- 
derstaoding  by  the  latter  the  water  which  passes  through  the  Florida  Stniiis. 
This  has  heen  called  by  Petermnun  the  FluridaSlream ;  auA  the  name  of  Gulf  StTt'nin 
ha«  been  applied  to  the  viist  bi)dy  of  wanii  water  which  supcr-iieats  the  basin  I'f 
the  Eastern  Atlantic  tci  the  eastward  of  15'^  west  ion^uudo.  There  seems  to  bt  o" 
reason  for  changing  the  name  »!'  the  Gulf  Stream  lu'caiiso  so  niuuy  other  Iibertir« 
have  been  taken  with  It.  We  should  retain  Ibe  originul  name,  limiting  It  to  tlii> 
Florida  Stream  coming  from  the  Gnlf  ofMexico  and  applying  t«  itH  eastern  exteasien. 
in  connection  with  the  Atlantic  easterly  drift,  some  new  name,  such  as  Eqnktoriil 
Drift  or  the  Caribbean  Stream. 
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in  the  coarse  of  the  curreDt  to  the  Tacatan  PASsage.  The  Hvenvgo 
bottom  tenii>eratiir<i  at  4(K)  fathoms  was  iu'^,  and,  as  off  Charleston,*  in 
300  fathoms,  53°.  The  t^iiiperaturo  at  300  fathoms,  off  the  George's 
Bank,  was  found  in  Ju]y  to  be  40°;  and  this  last  was  the  temperatnre 
that  we  found  at  the  same  depth  just  north  of  Ilnttertts  and  the  Gulf 
Stream. 

"  1  have  Htate<l  that  the  surface  teuiperaturea  did  not  show  a  cold 
wiJl  inside  the  stream;  but  the  bottom  temperatures  give  a  narrow 
cold  Huctiou  c]ose  to  the  lt>0-fathom  curve  all  along  the  course  of  the 
atream  from  Hatteras  to  Flon(]a.  Soon  atter  leaving  the  Straits  of 
Florida  there  is  a  division  of  the  stream  shown  by  the  bottom  temper- 
atnres,  part  following  the  coast  and  the  remainder  branching  off  to  the 
eastward.  ■  -  - 

"We  found  thatS  knots  wasa  general  average  to  allow  for  the  whole 
stream.  This  would  give  a  greater  velm'ity  at  some  central  point.  Be- 
tween the  Bahamas  and  Florida  the  average  was  exactly  3  miles  per 
boar;  but  for  a  distance  of  15  miles  in  the  axis  of  the  stream  it  was  as 
bigb  as  5.4  miles  per  hour.  To  the  northward  of  the  Bahama  banks, 
and  to  the  eastward  of  the  stream,  there  was  a  slight  current  setting 
soatheast.  We  found  the  direction  of  the  current  in  the  stream  very 
nmch  affected  by  the  wind,  sometimes  inclining  it  to  the  east,  then  to 
the  westt 

.  "In  the  latter  part  of  June,  IfWl,  we  were  hove  to,  some  50  miles  east 
nf  the  Gulf  Stream,  off  Charleston,  where  we  experienced  a  current  of  3 
miles  per  hour,  setting  southeast;  wind  blowing  a  gale  from  southwest.} 

"The  sudden  rise  of  the  plateau  off  Charleston,  together,  probably, 
dithtbe  meeting  of  the  arctic  and  warm  currents,  creates  a  remarkable 
(listnrbance  at  this  point.    •     ■     - 

i»  mil  pntaltel  to  the  coant,  ftlong  tUe 


(Pmprra-  al  2  liiilioiii'«  I    ''*'np<™-  Xnturonf  boKoni 

Ki  ><:i,.',               t:.  Fiiir'HBna. 

«3.5  ra.r.               tt.:  Cniiraeiuin.l. 

«T.:.  m.:.             45  N«ii|H'ciii 


t InnhorR  of  the  Oulf  Stream.  tlimiKh  it  aniilhcrly  current  wn«  iliBtinotIi'  traceil  In- 
•tdethe  lOO-fatboni  lino,  ;et  the  tcmpcrntiire  of  tbe  water  towards  the  »ljoro  woh 
Wt  little  Fooler  thnn  that  of  the  stream  )tN»lf;  the  *nwc  in  foiind  to  be  tlio  case  if 
■*  diamine  the  tempcratnre  sections  of  the  cnHtern  oilge  of  tho  liulf  Ktream.  The 
•tnani  itoelf  seems  to  be  mainly  rbaraotorizcil  by  itw  velocity  and  by  its  oolor. 

lOn  thesonthemeideof  tlie  Gulf  Stream  ('Ommander  Rartlett  observed  ji 


inintities  of  ft^'f-^eei) ;  tbis  is  also  blown  into  Nnnai^ansett  Bay  iu  conHJderali^,  I, . 
qiantitiea,  covered  with  clnstcrs  of  floating  bamocleti.  O 
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"We  crossed  the  stream  six  times  in  this  locality,  iioder  conditions 
of  weather  from  a  calm  to  a  strong  breeze,  aod  always  crossed,  near  the 
center  of  the  stream,  band»  of  rippling  water  several  miles  in  width. 
It  is  very  like  the  rip  at  the  entrance  to  Long  Lslaiid  Sonnd." 

The  Oalf  stream  Hows  at  the  rate  of  ahoat  one-fourth  of  a  mile  an 
hour  throagh  the  Yucatan  Channel,  which  is  OOmiles  wide  and  over  1,000 
fathoms  deep.  Through  the  Straits  of  Bernini  it  has  a  velocity  of  from 
4  to  5  knotfl,  a  width  of  50  miles,  and  an  average  depth  of  350  fathoms. 
This  velocity  rapidly  decreases  as  we  go  north.  Off  St.  Augustine 
it  is  rarely  more  than  4  miles;  from  there  to  New  York  it  decreases 
to  2i  miles  i>er  hour;  oil'  the  banks  of  Newfoundland  it  is  reiluced  to 
1^4ir  1  miles;  and  at  a  distauceof  300  miles  to  the  eastward  the  velocity 
«r  the  (Inlf  Stream,  which  has  ciinstantly  been  spreading  out  fan- 
ftliaped,  is  scarcely  perceptible. 

As  tar  as  tlie  current  observations  of  the  Blake  may  be  trusted,  they 
indicate  a  greater  speed  in  the  axis  of  the  tiulf  Stream  than  along  ita 
Hltfes — a  velocity  varying  between  2  mites  an  hour,  or  even  less,  and 
fully  5  niilfs.  The  width  of  the  stream  off  the  east  coast  south  of  Hat- 
terOM  varies  from  60  to  nearly  100  mileit. 

The  observations  of  the  Blake  show  that  the  bottom  of  the  Gulf 
Htn'ain  along  the  Blake  I'lateau  io  swept  clean  of  sUme  and  ooze,  and 
Ik  nearly  barren  of  anima]  life. 


itized  by  Google 
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By   F.  AUEBBACH. 
TrauBlated  b;  Carl  Bakus. 


Hanlne.'is,  aside  from  its  practical  iuiportaiiue,  is  one  of  the  most 
remarkable  propcrtif-s  of  aolid  matter.  This  is  shown  at  once  by  the 
difficulties  wbicli  liave  been  eucourit*rcd  in  the  endeavor  to  arrive  at 
an  aecnrate  iiiterprt-tatiou  of  it.  Indeed,  tlie  attempts  to  solve  questiotis 
relating;  to  hai-dnesa  are  of  very  great  vnriety,  and  are  exceptionally  large 
in  number,  and  they  have  in  a  measure  leil  to  some  int^^resting  resnits; 
bat  the  snbject  in  its  broader  bearings  has  not  yet  been  attacked  with 
saecess,  nor  Las  a  rieorous  definition  of  hardness  been  established. 
Problems  which  present  themselves  iu  dealing  with  any  of  the  physical 
properties  of  a  body  may  usually  be  divided  into  three  sub-problems: 
The  first  anioiig  these  includes  the  acientifleally  exact  description  of  the 
toneeption  in  question,  so  that  the  property  may  hen<reforth  be  treated 
»aa  purely  tnathematical  variable.  Then  this  quantity  is  to  be  meas- 
ured, and  methods  and  ap{>aratiis  must  be  deviucd  for  that  purpose. 
Finally,  the  measurements  are  themsehes  to  be  generalized  by  being 
fiteDded  to  as  many  bodies  under  as  many  different  circumstances  as 
possible.  At  the  outset,  however,  it  is  by  no  means  necessary  that  the 
ptocednre  adoj)ted  should  be  so  simple  as  to  be  of  immediate  practical 
ntility.  As  a  rule  this  will  only  be  attained  at  a  much  later  stage  of 
the  research.  The  chief  aim  at  the  beginning  is  to  work  forward  from 
some  theoretically  perfect  basis,  and  to  so  fashion  the  methods  that  the 
end  in  view  may  be  reached  with  a  reasonable  degree  of  accuracy  as 
"ell  as  certainty.  To  within  a  few  years  none  of  the  three  sub-problems 
"hich  I  have  mentioned  can  be  said  to  have  been  solved.  To  Hert/. 
belongs  the  credit  of  being  the  first  to  push  the  question  to  an  issue. 
His  ingeniont«  reasoning  is  particularly  fortunate,  inasmuch  as  it  har- 
monizes the  general  conception  of  hardness  and  the  earlier  definitions 
»hich  were  given  of  it  in  all  essential  and  necessary  points  and  to  the 
exclDsion  of  errors  of  principle  and  vagueness.  Taking  Hertz's  con- 
clnsions  as  a  point  of  departure,  I  believe  I  have  solveil  the  second  of 
ihe sub-problems,  and  in  the  present  paper  submit  a  method,  which  {wi 
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Seebeck's  only  advauee  on  Fraokeuheim  is  a  transfer  of  jadgment  from 
tlie  haud  to  tlie  eye,  the  latter  Imug  confessedly  more  skillfal  iu  mak- 
iug  estimates.  At  best,  however,  the  nietliod  tlius  established  en- 
counters the  following  serious  disadvantages.  In  the  first  place, the 
results  obtained  depend  on  a  variety  of  miuor  conditions,  foremost 
among  which  is  the  nature  of  the  material  out  of  which  the  stylos  is 
made.  Steel  is  most  giinerally  used,  but  steel  can  not  be  cxiu^tly 
defined,  and  therefore  tlie  observer  has  no  right  to  ussnnie  that  hi3 
stylus  is  a  body  of  fixed  properties.  Moreover,  the  necessity  of  uniog 
both  bard  and  soft  steel  in  the  apparatus  introduces  a  further  compli- 
cation, but, as  a  matter  of  fact,  when  a  hard  steel  stylus  is  applied  to  a 
soft  body  the  pressure  under  which  the  stylus  moves  must  be  reduced 
below  the  limit  of  measurement,  whereas  hard  bodies  are  only  scratched 
by  bard  steel.  Franz  used  both  a  steel  and  a  diamond  point,  und 
endeavored  te  co-ordinate  tlie  results  of  the  two  by  measuring  the 
hardness  of  a  given  suitable  bwiy  iu  terms  of  each  stylus.  It  is  true 
that  the  numbers  obtained  iri  the  two  seiies  of  experiments  show  a 
constant  ratio  {cwt.  par.),  but  it  does  not  follow  tliat  this  would  always 
be  the  case,  and  it  is  quite  improbable  for  large  intervals  of  hardness. 

The  second  difficulty  encountered  is  the  dependence  of  the  results  of 
the  sklerometer  on  the  degree  of  sharpness  of  the  marking  stylus.  None 
of  the  above  papers  touch  upon  this  matter,  norwould  it  be  possible  for 
them  to  estimate  this  effect.  Yet  it  is  quite  obvious  that  the  penciisoT 
dilferent  apparatus  can  not  have  been  identically  sharpened,  and  that 
the  pencil  of  the  same  apparatus  will  soon  become  blunted  by  continued 
use.  Measurements  into  which  this  serions  discrepancy  necessarily 
enters  cannot  therefore  be  comparable  among  themselves.  Finally, 
the  modus  operandi,  the  velocity  of  the  moving  stylus  and  the  direc- 
tioTi  of  the  pressures  are  to  be  considered,  and  in  some  of  the  above 
papers  hints  relative  to  these  points  (motion,  position,  and  iiiclination  of 
pencil)  are  explicitly  given.  Barnes  and  Perlsin,however.  first  showed 
that  the  effect  producible  by  varying  the  rate  of  motion  of  the  stylos 
is  so  great  as  to  be  iictually  cupablu  of  inverting  the  data  for  harilness. 
Indeed,  it  has  since  become  well  kuown  thatthe  edge  of  a  rapidly  rotat- 
ing, relatively  soft  disc  is  scarcely  touched  by  a  file  or  a  lathe  fool,  and 
that  if  the  motiou  be  rapid  enough,  it  is  the  tool  which  suffers  most. 
Nor  is  this  phenomenon  to  be  referred  to  an  effect  of  temperature,  for  it 
finds  its  full  explanation  in  consideration  with  tlie  rates  of  motion  to 
which  it  is  due.  The  hardest  cast  iron  can  be  turned  oil'  wltL  a  steel 
t«ol  at  a  velocity  as  high  as  2  meters  per  second  of  the  mctving  parts, 

I  am  thus  naturally  led  to  the  important  question,  whether  the  defi- 
nition of  hardness  given  by  the  sklerometer  is  correct  in  principle.  I 
believe  this  is  by  no  means  the  case.  Quite  aside  from  the  serious  prac- 
tical dilticulties  which  I  have  Just  smnmavized,  it  seems  to  me  that 
hardness  when  determined  by  scrat^'hingismuch  too  complex  a  concep- 
ion  to  be  used  as  a  basis  for  the  deliuttion  of  the  property,    Compli- 
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cations  are  iutroduced  by  the  motioiiiil  ptieQumeoii,  tlie  lateral  abeer 
which  accompanies  »crati'.hiiig,  and  in  short  by  conditions  which  have 
nothing  to  do  with  hardness  at  all.  It  is  easy  to  imagine  how  the 
method  originated,  for  the  f«sta  muHt  primarily  have  been  made  to  find 
out  whether  the  point  was  capable  of  puncturing  t)ie  surface;  but 
inasmnch  or  a  puncture  is  not  easily  recognized,  the  passage  was  made 
from  the  iKiint  t«  the  scrat^^hed  line.  The  stiitic  method  is,  in  fact,  much 
older  than  the  dynamic  method  of  rating  hardness.  If  therefore  the 
static  method  is  sufficient  (and  this  will  be  shown  Itclow)  to  define  hard- 
ness as  a  characteristic,  independent,  and  clearly  intt^lligible  property 
of  bodies,  it  is  worse  than  superfluous  to  intrwluce  processes  by  whieh 
the  result  can  only  be  complicated.  I  do  not  mttan  to  imply,  of  course, 
tliat  the  method  of  scrat<^hing  has  l)een  fVuitlees.  It  has  conquered  its 
ovn  ground.  Tims,  for  instanct*,  the  gradaal  change  of  hardness  at 
points  within  a  given  surface  of  a  crystal  is  among  the  striking  acconi- 
plishment«  within  tlie  reach  of  the  method;  but  we  can  only  arrive  at 
a  clear  knowledge  uf  tlie  meaning  of  such  observations  after  having 
solved  the  static  problem  of  hardness  and  then  noting  the  lulditional 
circumstances  iutro<luced,  when  wc  pass  from  the  dent  to  the  scratch. 
Regarded  as  practical  method  of  quiet  interpolation,  scratching  must 
retain  a  valne  which  can  only  he  enhanced  by  giving  <-Icar  interpreta- 
tions to  the  nature  of  the  process,  and  the  discrepancies  which  I  have 
pointed  out  •  need  not  then  be  apprehended- 

Under  the  circumstances  I  am  inclineil  to  regard  it  us  a  step  in  the 
right  direction,  that  the  static  method  (sttttic  because  motion  is 
excluded)  has  recently  again  been  taken  up  by  a  nnnd>iT  of  observers. 
Among  these  CraccCalvert  and  Johnson,  Hugneny,!  Bottone,}  and  also 
Pbfi'§  may  be  mentioned.  In  this  class  of  apparatus  a  hard  point  ia 
pressed  or  struck  or  drilled  into  the  body  to  be  measured,  and  the  hard- 
■ness  is  variously  measured  relative  to  given  depths  of  i>enetration. 
This  may  be  done  by  noting  the  weight  necessary  to  sink  the  stylus  or 
hy  the  number  of  rotations  of  a  definitely  weighted  needle  (PfaflPs  me- 
w^sklerometer).  Again,  the  depth  to  which  the  stylus  sinks  for  a  given 
weight  or  even  the  time  necessary  to  produce  a  given  depth  of  impres- 
sion have  t>een  used  for  registry.  Here  however  it  is  clesir  at  once 
that  tliese  methods  are  intrinsically  different,  and  that  far-fetehed 
usnmptions  must  be  made  relatively  to  the  proportionality  of  hardness 
with  the  divers  data  obtained, — assumptions  which  need  not  even  be 
approximately  true.  Furthermore,  the  bqdy  to  which  tliese  different 
teats  are  applied  is  necessarily  acted  on  in  a  state  of  strain,  if  not  ac- 

'  Hagnsny  (see  bvlow),  to  wlmm  similar  coQBUleratiiiUH  are  ihie,  takes  account  of 
time  kinds  of  hardnnnH,  one  "tanj^ential"  niid  tbe  ntlier  twu  "  normal." 

t  Hugaenv.  Rrch,  Exp.  »«r  la  <iuret4de»  corpn,  Paris,  isli.',  VtJter.  ife  Slratli.,  Ilr:, 
1865. 

IBottoue:  8U1.  JoMm.,  1873,  p.457;  Pojfg.  ^nn.,  ISTJ,  vol.  150,  p.  641,  (-~       -,,,1,, 

tPfeff:  .JtfuBci.  Bo-.,  I884,p.255.  _  ,  ,;vk_TOO(^K 
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taally  ruptured  at  tbo  point  of  observatiou.  At  the  time  and  place  of 
nieasorement  the  body  neceasarily  dilTern  from  the  original  body.  Thus 
it  appears  tbut  tlw  results  of  snch  methods  arc  not  available. 

With  the  object  of  corroboratiiifT  the  above  reirarks  I  will  exhibit  tro 
typical  series  of  data  from  the  papers  of  Fninz  and  of  I'faff  (the  latter 
obtained  by  means  of  the  ineso-sklerometer  already  leferred  to),  ehoos- 
ing  sneh  snhstances  as  are  Nu£Bciontly  definite  for  comparison.  In  the 
first  table  tlie  numbers  for  gypsum  are  made  identical;  in  the  second 
the  same  is  done  for  cxirundum,  the  r&si>eotive  ratios  being  retained  Id 
both  cases. 


OjV«<" • 

CalciUi 3« 

FlooTlto 1« 

Apatite 66! 

Feldspu 1,010 

Qnuts 1.T70 

Tdp«ii a.  230 

Corandi'Di 2, 8» 


Mere  inspection  of  the  table  shows  that  the  ratios  of  liarduenH* 
run  as  high  as  15  in  the  first  table,  and  fluctuate  between  2,2  and  0.2 
in  the  second. 

It  has  already  been  stated  that  Hertzt  investigated  a  definition  of 
hardness  which  is  mathematically  exact,  aud  which  does  not  conflict 
with  the  prevailing  notions  of  the  qiiahty.  lie  replaces  the  indefinite 
point  by  a  definite  spherical  surface;  or,  to  stat«  thi^  more  correctly, 
since  the  point  is  after  all  a  spherical  surface  of  very  small  radiiis. 
Hertz  uses  a  stylus  with  a  radius  of  curvature  large  enough  tobt' 
measarable.  Moreover,  the  material  out  of  which  the  stylus  (nov  a 
ball)  is  to  be  made,  virtually  does  not  at  all  enter  into  the  problem.  A 
body  may  therefore  be  tested  for  hardness  by  aid  of  a  probe  made  of 
its  own  substance  and  the  result  is  in  no  way  dependent  on  vaguo 
properties  of  a  foreign  body.  Finally,  the  body  to  be  examined  is  not 
subjected  to  any  permanent  strain  (wet),  but  all  operations  are  ceii- 
ducted  within  the  limits  of  elasticity.  The  definition  of  hardness 
thus  obtained  takes  the  following  general  form :  Hardness  is  the  limit- 
ing elastic  resistance  (tenacity)  of  a  body,  in  caae  of  contact  of  one  of 
its  plane  surfaces  with  the  'spherical  surfece  of  anotiier  body,  tlm* 
all  vagueness  of  conception  has  been  removed,  and  hardness  isterwiy 

' fiiiiiilarl;  imonuons  vaTintionH  i>f  llii>  ratJ<m  for  nut-ali'  niit.T  Ixt ohtaineil  rroni  tli« 
of  Bnttmie  nud  HiigiiPiiy  (Cn^lOO.  Ni-  -104  to  W.  I'l^Jil  t»   m,  Pii-i3U> 
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classified  witli  the  allied  imipcrtifH  entniintereci  in  casp  of  tennion,  flex- 
ure, etc.  It  in  Iff  <-onrse  iiet^essaiy  to  jjo  into  fiirtlit^r  detail,  iu  pur- 
ticnlar  to  detennioe  bow  pressure  is  distributed  niid  vai'i(>B  witliiii  tlio 
sDr&oe  of  contact,  for  upon  these  conditions  the  effects  of  stress  and 
the  resistance  of  the  material  will  depend.  The  solution  of  thin  problem 
has  enabled  Hertz*  to  prot>onnd  a  fnudaniental  princiitle.  In  his 
attempt  to  verify  his  theory  cx]>GrinieutaIly  Hertz  was  however  much 
less  p(acce;<sful,  and  as  a  couHe<iueu(;e  soon  abandoni'xl  the  work.  The 
only  data  wbieh  he  uddaced  refer  to  glam,  and  his  rejiults  for  hanl- 
Dess  were : 

Kg. /mm'. 

PnMsoreaf  aharil  steel  leas  against  plate  glnss 13r> 

Impact  of  two  glaaa  balla 150 

Prwwureof  two  thin  glass  rodn 100 

Thus  the  data  obtained  are  not  satisfactorily  constant.  Moreover, 
luy  results  show  that  not  more  than  the  third  or  fourth  part  of  the  dis- 
ctepanciee  observed  are  referable  to  the  material.  Differences,  there- 
fore, necessarily  remain.  It  would  be  inexpedient  to  att«mpt  to  account 
for  tJiem  here,  chiefly  because  the  number  of  experiments  made  is  mncb 
too  small  relatively  to  the  conditions  (form,  material,  stress,  impact, 
etc),  under  which  the  results  were  obtained.  Nor  has  Hertz  given  a 
Kufficiently  detailed  statement  of  the  dimensions  of  the  bodies  exam- 
ined. 

I!.  THEOKV. 

The  preasuxeless  contact  between  a  sphere  and  a  plane  is  a  point. 
If  pressure  be  applied  at  the  center  of  the  sphere,  normally,  both  sur- 
faci^  will  change  fonu  near  the  imiut  iu  qnestiou,  until  the  strain  has 
rfflcfaed  &  given  value.  In  other  words,  the  sphere  will  be  flattened 
aod  the  plane  enived,  and  the  original  ])oJut  is  now  replaced  by  a  sur- 
face  of  contact.  I  shall  call  this  the  impressed  Kiirface  or  area  (Dnich- 
tlache).  It  is  neither  plane  nor  of  the  curvature  of  the  sphere;  but  the 
radius  will  obviously  lie  somewhc>re  lictveen  these  limiting  values,  and 
will  depend  {oat.  par.)  on  the  elastic  properties  of  the  two  contiguous 
bodies.  Furtheimore,  under  the  conditions  stated,  tlie  impressed  area 
is  clearly  circumscribed  by  a  ciixlc. 

If  pressure  at'ting  normally  through  the  center  of  the  sphere  is 
increased  the  impresseil  surfacti  will  aliw  increase  in  size,  and  thepres- 
Bure  is  now  brought  to  be^ir  ou  a  larger  surfiu'e.  But  the  strain  to  which 
tbe material  isput  will  dci>end  on  the  stress  jwr  imit  of  impressed  sur&ce, 
itnd  we  are  thus  led  to  inquire  as  to  the  law  comi>atib1e  with  which  the 
pressure  per  unit  of  iirea  increases  with  the  total  pressure,  tor  ob- 
viously both  magnitudes  must  increase  siiimltaneoiisly.  It  is  also 
easily  seen  that  the  relation  between  total  pressure  and  presauie  per 
unit  of  the  impressed  snrfiu'4-  is  closely  allied  with  the  relatiou  of  total 


•Hertz;  Crelle'i*  Jow 


vol.xcii.  p.  156.     .„,.,;..GoO'^Ic 
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pressore  to  the  iDcreaso  of  the  impressed  sarface  or  area  of  coutact. 
Now  Hertz's  theory  shows  the  ritdias  of  the  latter  to  increase  propor- 
tionally to  the  cube  root  of  the  total  pressure  applied,  and  hence  the 
impressed  area  will  inttrease  as  the  two-thirda  power  of  total  pressure. 
To  this  degree,  therefore,  the  effect  of  total  pressure  is  abortlTe ;  and  in 
view  of  the  enlargemeut  of  the  impressed  area  stress  per  nnit  of  area 
increases  only  as  the  cube  root  of  the  total  stress.  Furthermore,  the 
manuer  in  which  pressui'e  is  distributed  througbont  the  surface  of  con- 
tact is  ftilly  given  by  the  theory.  It  is  fonnd  that  at  any  given  time 
pressure  decreases  gradually  from  the  center  of  the  area  towards  its 
boundary  where  stress  is  uecessarity  zero,  in  accordance  with  the 
expression 

where  h  is  the  traetioD  of  the  total  radius  of  the  impressed  area  by 
which  any  of  its  points  is  symmetrically  located  relatively  to  the  cen- 
ter. The  reference  roughly  made  above  to  pressure  per  unit  area  is, 
therefore,  of  the  nature  of  a  mean  value;  and  the  maximum  pressure  at 
the  center  of  area  is  related  to  the  mean  value  here  in  question  in  the 
ratio  of  3  to  2.  Now  if  the  total  pressure  at  the  center  of  the  sphere  it) 
gradually  increafled,  the  maximum  pressure  per  unit  of  area  at  the  cen- 
ter of  the  impressed  surface  will  also  continually  increase;  and  at  a  ' 
certain  value  one  of  the  two  bo<lies,  or  both  (supposing  them  to  be  made 
of  the  same  material),  will  necessarily  reach  the  limits  of  elasticity. 
Kvtdence  as  to  whether  this  has  occurred  or  not  is  not  far  to  seek ;  in  a 
plastic  body  the  strain  will  be  permanent.  There  will,  in  other  words, 
be  au  evidence  of  "  set,"  for  the  parts  aft'ei-twl  fail  to  return  to  their 
original  positions  when  t  be  stress  is  relieved.  Furtliermoii',  in  a  brittle 
body,  set  will  be  actually  accompanied  by  rupture  at  the  parts  too 
highly  strained.  We  may  therefore  iu  all  instances  conclude  at)  follows; 
The  least  value  of  the  [central)  pressure  per  unit  of  area  nscessarg  to  pro- 
duce permanent  set  (or  rupture)  at  the  center  of  the  impressed  surfare  is 
Hertz's  datum  for  the  hardness  of  the  body  under  examination.  Id 
addition  to  the  normal  pressures  every  point  of  the  area  of  voiitact  \* 
also  uutuated  b.v'  lateral  pressures,  ami  it  is  quite  feasible  to  obtatii 
some  general  notion  of  their  value.  At  the  center  of  contact  they  are 
positive,  t.  c,  the  body  is  uniformly  compressed,  whence  it  follows  tbut 
in  oin-  method  of  testing  a  ci-ack  is  not  to  lie  looked  for  here.  The  esse 
is  proiiouni'edly  dififei'cnt  neiir  the  boundary  of  the  area,  where  the  lat- 
eral stresses  are  all  negative  and  of  the  nature  of  tensions;  and  sim* 
the  IfH'i  of  like  stresses  are  circles  wmcentrio  with  the  center  of  area, 
we  nniy  look  for  a  circnlar  line  of  rupture. 

Thus  fur  our  considerations  weie  only  extendeil  to  a  system  of  two 

given  bodies  in  contiU't.    The  question  arises  how  the  condition  will 

•f  the  original  systt'in  is  replaced  by  a  second  system  differiug 
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in  ao^  manner  wUatev^r  from  tbe  lormer.  The  vaiiatioiia  jiossiltle  in 
such  a  cose  are  twot'nlil :  ( 1 )  The  spliercH  may  have  different  radii,  and 
(2)  the  iHKlies  may  have  different  elastic  roiitstaiits  than  those  which 
obtained  iu  the  first  experiment.  The  theory  of  tlie  experiment  ahows, 
with  regard  to  the  first  of  thene  imints,  that  (other  things  being  equal) 
the  radios  of  the  imprewsed  area  is  proportional  to  the  caberootof  the 
radius  of  the  sphere,  or  that  the  area  of  the  surface  of  contact  varies 
a»  the  two-thirdu  power  of  the  radius.  For  the  case  of  equal  total 
liressures  at  the  center  of  tlie latter,  the  piessure  iwr  unit  of  area,  and 
hence  also  the  luaximura  pressure  in  the  inijiressed  surface,  must  be 
proportional  to  the  cube  root  of  the  cnrvalures  of  the  sphere.  To  the 
Extent,  therefore,  in  which  all  refereni;e  is  made  to  the  stated  central  or 
moximnm  pressure  (per  unit  of  area),  the  datnfor  limiting  values  of 
ela-xtie  resistant^e  must  be  independent  of  the  curvature  of  tbe  impress- 
ing spliere.  Hence  tbe  limiting  value  of  total  pressure  is  ])ropoi'tionAl 
to  the  square  of  the  limiting  or  final  radius  of  the  area  of  <»utact;  or, 
if  the  radius  of  the  latter  is  exi)ressed  in  terms  of  the  total  pressure 
and  the  radius  of  the  sphere  by  aid  of  the  above  relations,  then  the 
valueoftotiil  pressure,  just  sufficient  to  produce  set,  must  increase  with 
tbe  square  of  the  radius  of  the  sphere.  In  regard  to  the  second  of  the 
above  queries,  no  special  mention  is  expedient  liere.  I  will  only  remark 
that  under  conditions  which  are  otherwise  identical,  the  area  of  con- 
tact is  expressible  in  terms  of  values  of  the  elastic  constants  of  tbe  two 
contiguous  bodies.  To  avoid  this  complication,  I  will  at  the  outset 
confine  myself  to  the  state  of  things  observed  when  both  bodies  are 
iOentical  as  to  material.  For  this  case  the  relations  to  be  formulated 
admit  of  simple  expressions. 

It  may  be  worth  wliile,  by  way  of  recapftulation,  to  express  the  laws 
jost  enunciated  symbolically.  Let  p  be  the  radius  of  curvature  of  the 
sphere  in  millimeters,  p  the  total  pressure  applie<l  at  its  center,  P  its 
3nperior  limit,  i.  e.,  the  value  of  p  at  tlie  time  of  mtc  urrence  of  the  per- 
niitnentset.  iifXpt  be  the  pressnie  per  unit  of  arcii  at  the  center  of 
the  iupresHed  surface,  i.  e.,  the  maximum  of  pressure  in  kilograms  per 
square  millimeter,  P,  the  superior  limit  of  j>i,  i.  e.,  tbe  absolute'  hard- 
wax  of  the  IkmIj-.  Let  d  be  tbe  diameter  of  tlie  area  of  conttict  {this 
quality  is  immediately  given  by  observation,  and  is  in  so  far  preferable 
to  the  radius  embodied  in  the  above  text),  J)  the  superior  limit  of  d, 
both  in  millimeters.  I^t  E  be  the  true  hardness,  which,  as  will  be 
shown  in  the  sequel,  differs  slightly  from  tbe  theoretic  value  P[,  q  an 
abbreviation  of  the  quotient  pjiP,  Q  its  limiting  value.  Let/be  the 
>Lrea  of  contact,  fits  limiting  value,  both  in  square  millimeters.  Fin- 
ally, let  E  be  the  modulus  of  elasticity  of  the  material  in  kilograms  per 
square  millimeter,  }t  Poisson's  ci>efficient,  t.  e.,  the  ratio  of  radial  con- 
traction to  longitudinal  extension,  B' an  abbreviati(in  of  the  quotient 
£j  (l-f^).    Brackets  may  serviceably  be  used  to  show  that  the  quan- 
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iiticR  iiirloMed  art!  not  cxpiessed  in  the  absolute  units  glTen,  but  id 
Mtriiii  i'iiiiv(tnii-iit  ruliitivo  iiiouaui-e.  Hence,  the  followiug  furmiilie  are 
uiKltr  coitHlduratiou : 


/-Jf 


F  =  77)» 


JVir  tbe  mime  »j  ftiiil  K^- 

,   ,   =const.,  »nil     =const„also«=sronst.,    .     .  (1). 

Wp  P 

Tbis  vniistmit  quantity  must  :tl30  be  identical  witb  Q,  Hence,  for 
the  ttuiue  p  nud  £',  p,  ^  Vp  =i'onst.  For  a  difiei'eiit  value  of  p,  but  a 
givnu  value  ofE', 

rf  ^v'p,j=coust.,andtf9=coDst {-)• 

For  iliffereut  values  of  both  p  and  E', 

For  diA'erent  values  of  p  »nd  a  ^veii  value  of  E', 

^^=™nst..1 

i>=™Mt.,,.r^J^^,^„„.,| W 

=(X>nst..  j 

(Iiiw  equations  vrhicb  are  merely  dift'erent  expression  of  a  eotinnon 
inherent  relation.  Finally  for  ^'ven  values  of  p  aud  if.  the  theoretira' 
hardness  has  the  form 

int  f,'.  the  form 

/■;=ll'.,V (J) 

Hi.  MKTIIOl'. 

•  forejoinj:  e  |ual)»ns  that  to  compute  hardness 
I'uon  i^(  \t^iMw\  betuTtvn  a  ^^pbere  aud  a  i»l«"C'''^ 
!  im'ssniv  uiuli-r  whirh  »-.>Mt;K't  takes  place  is  •» 
he  eUtsti,-   limiiA.     The  time   of-vieldiM  l^^K 
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sbori'ly  marked  by  the  occurrence  of  either  permaneut  set  or  of  rup- 
ture at  the  area  of  contact,  it  i-s  merely  necessary  to  measure  the  total 
pressure  P  and  the  diameter  ot  the  impressed  area  D  for  the  time 
in  question.  The  first  of  the  equations  (4)  then  leads  at  once  to  the 
Talne  of  theoretical  harduess.  In  the  interest  of  accurate  work,  liow- 
ever,  it  is  aafortunate  that  the  two  quantities  P  and  J)  can  be  meas- 
nred  but  once.  It  is  therefore  desirable  to  introduce  some  variation  of 
method  at  least  for  I>,  for  P  does  not  admit  of  a  second  expression. 
For  this  purpose  the  other  two  equations  given  under  (4)  are  available. 
One  of  them  (the  second  in  order)  premises  a  knowledge  of  both  .B' 
atid  p,  as  well  as  of  P.  Now,  although  p  may  be  considered  sufficiently 
given  by  the  radius  of  the  spherical  stylus,  £',  on  the  other  hand, 
would  have  to  be  taken  from  tabulated  data  of  E  and  /*,  or  be  prelim- 
inarily measured  by  aid  of  a  special  piece  of  the  given  body.  Neither 
of  these  alternatives  is  acceptable,  while  t^  is  known  to  vary  even  with 
insignificant  structural  difi'erences  of  the  given  substance,  and  can  not 
even  be  considered  constant  for  diflorent  [larts  of  it.  On  the  other 
hand,  the  third  In  order  of  the  efi nations  (4)  is  useful  in  every  pai-ticn- 
lar.  Based  as  it  is  on  the  values  of  P  and  q=pl^  on'yi  its  availability 
is  enhanced  by  the  fact  that  the  q  is  constant,  and  can  therefore  be  taken 
Erom  a  whole  series  of  measurements  of  iucreasing  j>.  Far  from  being 
dependent  on  a  single  men  surement,  therefore,  the  observer  is  at  liberty 
to  reject  the  limiting  value  Q  altogether;  for  if  it  should  difi'er  from 
the  other  values  4,  an  explanation  is  readily  found  in  the  fact  that  Q 
is  measured  when  "  set"  bas  alre-ady  occurred.  The  additional  labor 
involved  lu  a  step-for-step  increase  of  P  is  of  no  moment,  seeing  that 
SDch  procedure  is  under  ali  circnmstauces  necessary.  For  the  limits 
of  elasticity  mast  be  gradually  approMched  and  not  overstepped. 

I  have  already  stated  that  brittle  bodies  present  a  case  of  easy  obser. 
vation,  for  here  set  is  accompanied  by  rupture.  Only  in  rare  instances 
is  this  criterion  preceded  by  a  visible  indentation  without  break  of  con- 
tJDuity,  and  a  puncture  of  this  kind  can  usually  be  referred  to  a  lack 
ofhomogeneity  In  the  material  oi'  to  anomalies  of  brittleness.  Hence 
I  found  it  advantageous  to  begin  my  work  with  brittle  bodies,  and  the 
general  method  was  devised  with  special  reference  to  the  fact  that 
nearly  all  such  bodies,  in  particular  the  glasses  and  the  greater  number 
of  crystals,  are  more  or  less  transparent. 

The  spheres  in  these  experiments  are  suitably  ground  in  th.e  form  of 
a  plano-convex  lense,  with  a  radii  of  curvature  of  1  to  30  millimeters. 
Tbe plane  surface  is  preferably  a  plate,  about  ll.fi  millimeters  in  diam- 
eter and  8  millimeters  thick.  The  tliiekness  is  purposely  chosen  of 
Che  same  order  of  magnitude  as  the  diamet«r,  tn  order  that  any  dis- 
crepancy of  the  nature  of  fiexure  maybe  excluded  from  tlie  start.  The 
ptate  is  fised  in  position  while  tbe  lense  is  free  to  move  up  and  down, 
r.\A  presaure  is  suitably  transmitted  by  a  lever  actuated  by  a  set  of 
weights.    The  area  of  contact  and  tlie  occuiTenee  of  the  indentSfiinTaS 
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to  be  observed,  of  course,  for  au  itivariable  positiou  of  tlie  plate  and  lens 
witli  reference  to  the  horizontal,  and  the  measurement  is  made  througli 
a  microscope  with  its  line  of  sight  normal  to  the  plate,  sewing  that  the 
lengths  to  be  taken  are  small.  In  the  field  of  the  microscope  the  im- 
pressed area  appears  iu  form  of  a  dark  cii-cnlai-  spot,  which,  together 
with  the  rings  surroaudiiig  it,  presents  a  case  of  interference.  I  shall 
show  that  even  the  diameters  of  the  rings  are  available  for  measiire- 
ment.  Further  particulars  however  are  best  discussed  in  conuectiou 
with  the  apparatus. 

IV.  AITARATirs. 

Through  the  kind  permission  of  Prof.  Ahbe,  the  apparatus  vas 
constructed  in  ttie  workshop  of  M.  Zeis,  of  Jena,  and  1  desire  in  this 
plaf«  gratefully  to  acknowledge  the  suggestions  received  from  my  col- 
leagues, iu  particular  from  Prof.  Abbe,  during  the  coarse  of  its  con- 
struetion.  Fig.  1  shows  the  completed  instrument  in  sectional  eleva 
tion,  nonessential  parts  having  been  withdrawn  for  cleiuness.  Iti-' 
put  together  massively,  so  as  to  withstand  the  powerful  stresses  which 
are  to  be  brought  to  bear  on  it,  and  it  is  firmly  jilanted  on  a  pier  iu  one 
of  the  vaults  of  the  university.    Ample  provision  is  made  t*?  guard 


=CH1 


The  east-iron  bedplate  6  G'  is  T-shaped  in  erosn 
[  and  1.5™  wide,  and  a  central  gutter  runs  from  eiiil 


screwed  to  the  bodplat*-,  is  provided  above  by  a  re-en- 

the  knife  edge  J),  around  which  the  wrought-iron  Iflvu 
iru,  is  suitably  adjusted.  The  short  arm  of  H  B'  t«r- 
-shaped  expansion  1 1',  at  a  mean  horizontal  dis^ceoi 
lie  axis  J>.  Ill  the  conical  perforation  in  1 1'  a  plut^ '' 
he  lens  L  is  attached  to  the  top  of  Z.  _  The  other  arm 

t«u  times  as  long  as  the  short  arm,  and  ends  in  ^^^ 
le  glass  plate  p,  to  be  touted,  is  attachetl  to  the  upp*r 

oo',  secured  by  means  of  a  pillared  arrangemeut,  ol 
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which  »  is  alone  visible  in  tbe  flKQcu-  I'he  plate  o  o'  is  about  1.6""  thick, 
and  its  tower  face  is  flush  with  the  (-orre^pondiii^  face  of  j>.  The  whole 
case  can  be  moved  in  tbe  ^tter  of  the  bedplate,  and  clamped  in  any 
position  by  aid  of  the  Ktrong  screw  <$,.  It  is,  therefore,  easily  poBsible 
to  place  a  part  of  the  glass  plate  p  opposite  the  vertex  of  tbe  test  lens 
L.  The  microscope  M  is  similarly  movable,  and  the  I'lamp  screw  Ht 
admits  of  an  adjustment  relative  to  the  point  of  contact  to  be  observed. 
It  is  expedient  to  fasten  the  lens  L  to  tbe  top  face  of  tbe  plug  Z  witli 
cemuit.  The  plate  py  however,  exactly  fits  the  hole  in  o  o',  and  a4l)u8ta- 
bly  hinged  stops  prevent  it  from  falling  out.  The  microscope  -If  con- 
tains an  ocular  micrometer  m,  and  since  illumination  from  below  is 
clearly  impossible,  the  light  of  a  lateral  gas  flame  F  is  retiectetl  down- 
ward by  the  prism  n,  small  enough  to  only  half  Itll  the  right  section  of 
the  tube.  After  impinging  on  the  lens  and  plate,  tbe  rays  are  reflected 
upward  through  the  open  half  of  the  tube  and  the  micrometer  m,  finally 
leaching  the  eye  of  the  observer.  The  long  arm  of  the  lever  H'  abuts 
H^inst  the  screw  A,  and  its  play  may,  therefore,  be  stopped  short 
high  enough  to  prevent  all  premature  contact  between  the  test  lens 
and  plate.  When  A  is  screwed  down,  moreover,  the  long  arm  would 
mach  overbalance  the  weight  of  the  short  arm  H.  To  obviate  this  a 
duplicate  wroagbt-iron  arm  W  has  been  added,  along  the  free  end 
of  whicb^a  weight  w'  may  be  adjusted  to  counterpoise"  the  long  arm. 

The  form  given  to  W  is  such  that  the  center  of  gravity  of  the 
lever  as  a  whole  is  not  seriously  depressed,  and  a  balance  sufiiciently 
sensitive  for  the  present  purposes  is  thus  secured.  The  counterpoise 
ir'  is  to  be  fixed  so  that  the  position  of  equilibrium  may  leave  a  little 
space  between  the  test  lens  and  the  plate.  Little  rings  r  suiToundiug 
tbe  pin  q  are  then  added  until  an  almost  pressureless  contact  is  initially 
obtained.  However  slight,  a  true  contact  is  always  easily  recognized 
by  the  passage  of  the  (colored  interference  lings  into  a  black  spot.  In 
order  that  this  initial  contact  may  easily  be  reproduced,  and  the  prog- 
ress of  an  experiment  may  at  any  time  be  checked,  a  second  lever 
A' A'',  supported  by  the  pillar  U  near  the  end  of  the  bwlplate,  is  at 
hand.  A  stirrup  R,  from  the  hook  of  which  scale  iians  of  difiCerent 
sizes  may  he  suspended,  suitably  connects  both  levers  (knife  edges  c 
and  &,  as  shown  in  figure).  By  a  play  of  the  screw  B  the  A'  end  of 
Die  lever  may  be  depressed  and  the  K'  arm  raised.  In  this  way  the 
fitirmp  is  liited  off  of  the  knife  edge  e,  and  the  lever  M'  is  tlierafore 
nnloaded.  Conversely  anopposite  play  of  the  thumbscrew  /{depresses 
K',  and  the  load  is  therefore  tran.<(fciTed  from  the  knife  edge  e'  to  the 
knife  edge  p,  whereby  the  lever  is  loaded,  gradually  or  exiieditiously, 
at  pleasure.  These  adjustments  enable  the  observer  to  carry  out  the 
necessary  operations  smoothly,  and  without  any  dangerof  jarring  or 
striking  the  parts  to  be  tested  together.  The  elasticity  of  the  long 
lever,  moreover,  is  in  favor  of  a  perfectly  uniform  and  slow  intensifica-  , 
tion  of  the  pressure  to  be  applied.     It  was  my  plan  to  return  to'i^ 
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|it'i«HMiii'<il(]HH  f^>[itiu;1,  ufter  ttie  effect  of  each  of  tbe  successive  8te]i  loads 
liiul  bi'nti  lirouKlitto  lioar,  aiidtbutttbe  loadoorreNpoudiugtotlieocciu- 
rotM'i'  If  ikii  liidtriitiiltoii  ill  p  was  iiiilicated  witb  certainty  (see  belov). 

V,  OKNKIUI,  KKMARKK  ON  THE  OBSERVATIONS. 

A|)iirl<  tVuui  Hpmtiiil  tuettioilt)  (if  research  the  general  plan  of  the  ex- 
|ti>i'iiii(>iitN  was  iVi  follows:  Tlie  plale  and  lens  are  first  earefolly  to  be 
ht'i'd  hum  dust,  tfteiiHe,  moisture,  etc.,  aud  then  to  be  screwed  into 
tlii'li'  M'sjH-cllvi'  |>bir(>M  at  tlie  eoiit<>r  of  the  plate  o  o'  and  at  the  top  of 
IIh'  i>Iii)[  /  an  swurely  as  iwssible.  The  screw  stop  A  is  lifted  high 
iMioiiicli  I  liat  tli<i  [)lat<.^  case  o  o  v  may  be  pushed  over  the  lens  with- 
out diU)Ki'<'  *''  t^uti'bing  it.  Then  the  miacroscope  is  adjusted  and  alt 
|ttt)'(M  I'vi'ulUiilly  i'lami>ed  in  pliu'e  with  reference  to  the  particular  part 
of  thi>  iiluAn  ploti'  wbeift  the  test  is  to  be  made.  It  is  expedient  to 
('ltiiu|i  (V|  llrst,  and  thou  to  cbtuip  fi)  iu  such  a  way  that  the  point  in 
tliU'Mlion  H)H>'  <HVUpy  the  inidttli'  of  the  field  of  view.  During  these 
iilH>rtitiouH  il  will  have  Ikh-h  iuH't'!*.-*iiry  to  gradually  lower  the  stop  A, 
tlmnjtU  not  iiuitv  as  far  as  the  position  of  contact  This  is  best  done 
wluMi  the  nii*'W»}H'0|H>  is  rtxwl,  I'nder  thes*'  c)n.-um8tauce8,  however,  if 
|Ih>  lt<v«n-  II II  hIiouUI  nol  swing  frwiy.  the  long  arm  E'  is  presumabl; 
(MO  luiivy,  ttiid  K  iDiisi  Im>  uutvtHl  turther  outward  along  tb^ slide  (a 
litttt^  ^vt^iKUt  r  U^iij£  tHtdt<d  if  mn-d  U')  until  the  pressnreless  contact 
*i»v«rs.  wWu  Iho  lowr  swiujis  lVe<'I.v.  This  adjustment  ntay  actually 
l***  Wj«do  t\»  a«i  a»H-un»cy  of  ;iIvmu  1  jrrauu  a  dejn^e  of  seusitireaess  far 
iw  o^.^■^^««t  t>f  tho  dmurtuvls. 

V>»<>  Ky»d  is  w»»w  itpt'luM,  U'si.iis-n'.s  *  '!•'  'h^  stirrop  B  as  the  first 

v^wlwtvMMV     VUfM-ivw  Rwh:!:!-.  ItAS  :h-.c<^  f^r  :^:<.».td  low.  is  raided  until 

i»Mi\>!i>.;,v  t>Y  T  a:A  e,     i:  is  then  raised  Ffy 

tXif  '..xmI  K  h*#  SexT.  »iui(^  transfeiTed  froui 

■  ,>\5»:".  -ji  l-.:u;<«I:  -.^  i:;»hi!f  of  the  elaaticit)' 

1  -.:  -.s  i>Vi:i;,A  :v»  r*:?**  B  »•  nuif<»inlT  that 

r-  ;",-,*  T,;':-!  ■ ;"  :i*  -.u-ry^jon*.?  ^rarcely  eii- 

A  ;  ■■;V»rnivi  r-*  :>,*  ;U:*'  At  •  very  slowly 

.  X-  '•\■v^.  *v   .\    ;_'*   ■>  n-^Anled  too  Urge 

;'  ,>  r.v  -X  *:j^,":!ii»-:i  Ji  ssrin^.     Uaviog 

\-  T-   ^  ■    \  -..-.-.v-,  !  ■<  frM  '»wid,  tbe  higr 

^,.v-\i;  1    •.  ■..;       - •■;  ■;. •<* .»f ih« stimip 

.^   vi.  -    I  .■■■,■  ^:     1    -irf  -jii^LjzirT  d«««nbfd, 

-••  .■    ■     ■.--..  .r  -i .-  :i«-  ^vvDod  lowi. 

«>  ..•,..    ..>     ..-,-.    ..  .  ^  Mi    :W  s;:?-»e  widi 

•'     '•    "  "    ^  .'    ■.t-  '        K^  >*Ciig  gi»d»Br 

V-'  ■    -.1-  •  r-:.  ^  .   w  ■•^■j:^!*.  an  added 
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the  obderver  can  proceed  with  his  work  smoothly  and  without  nnnoyiDg 
accidents;  for  the  weights  are  added  by  a  method  of  maDipalation 
which  is  wliollj  without  disturbing  in  flueuce  on  the  test  plates,  etc. 

Theoretically,  however,  the  method  is  not  attogetlier  free  from  objec- 
tions, ina.'^mucli  as  the  imi>reRaed  suifac^  is  continually  loaded  and  un 
loaded,  and  theretbre  put  throitgb  a  series  of  increasitig  cyclic  strains, 
until  the  final  point  of  rupture  is  reached.  For  this  reiison  I  made 
special  sets  of  uieitsurementB,  in  which  the  loads  were  added  gradually 
with  every  available  precaution,  of  course,  but  jrithout  passing  back  to 
the  pressureless  contact  at  the  end  of  each  step.  Near  tlie  end  of  the 
operation  I  carefally  charged  the  scale  pan  with  sand,  pouring  it  in  so 
gradually  tliat  the  increase  of  tlie  load  was  practically  continuous. 
These  ex|>eriments  led  to  someiutcrcsting  subsidiary  &cts;  but  a^they 
did  not  change  the  chief  tSBue  with  which  weai-c  now  concerned,  I  need 
only  accentuate  the  remarks  already  made,  that  it  is  never  permissible 
to  increase  the  load  quickly,  not  even  at  the  beginning  of  the  work 
when  the  loads  are  allftmall.  [nallHucb  cases  rupture  is  liable  to  occur 
prematurely,  and  the  discrepancy  is  fi^uently  of  serious  moment. 

In  addition  to  the  <'orre8]>onding  values  of  p  and  d,  P  and  i>,  other 
qnantities  were  usually  observed,  such,  for  instance,  as  would  be  oecea- 
gary  for  corrections,  etc.,  and  furthenltiniate  purposes  of  this  research. 
I  always  noted  the  diameter  of  the  Newton  rings,  aa  well  as  the  diam- 
eterof  the  locus  of  rupture.  As  to  the  latter  I  may  here  remark  (defluite 
researches  will  be  published  elsewhere)  that  in  <^aseof  isotropic  media 
itia  in  fact  a  circle  and  concentric  with  the  area  of  contact;  yet  it  does 
not  coincide  with  limits  of  this  area,  but  surrounds  it  in  accordance 
with  a  well-deflned  law.  For  crystals  the  locus  of  rupture  is  not  cir- 
cular, but  an  intermediate  flgure  t)etween  a  circle  and  a  polygon  (hex- 
agon, rhombus,  triangle,  ete.). 

A  few  words  on  the  diameter  of  the  spot  are  in  place  here  because 
of  their  bearing  on  the  accuracy  of  measurement.  I  found  by  trial  that 
the  demarcation  was  sharx>est  in  case  of  faint  illumination,  for  in  this 
case  the  liglit  was  not  annoyingly  reflected  from  the  upper  face  of  the 
t«st  plate.  In  general  this  deflnition  varies  in  marked  degree  in  differ- 
ent experiments,  and  even  difl'erent  parts  of  the  edge  of  a  given  spot 
are  not  equally  distinct.  Usually,  however,  O.T  scale  part  of  the  microm- 
eter is  guaranteed. 

From  an  economical  standpoint  it  is  fortunate  that  a  single  plate  and 
lenn  will  outlast  many  experiments,  certainly  as  many  as  are  necessary 
for  obtaining  a  sharp  avefage  of  results.  The  lens  is  not  usually  af- 
fected, but  retains  its  even  surfate  indcBnitely.  The  plate  is  large 
euoDgh  for  upwards  of  30  or  40  fields  of  rupture  on  each  of  its  sides.  It 
IN  advisable  to  rule  the  side  of  the  plate  which  is  not  to  be  used  with  a 
Bet  of  rectangular  cross-section  lines.  Curiously  enough,  the  divers  cir- 
cles of  inptnre  do  not  s<^-em  to  interfere  with  each  other,  even  when 
Qiey  are  nearly  contiguous,  or  when  the  loci  actually  intersect. "- ^lfo¥<  "^ 
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by  trial  that  the  values  obtained  iu  the  last  IntftaQce  were  more  abDonnal, 
hut  I  did  not  line  them.  Fig.  2,  supplied  to  corroborate  these  Btate- 
mentB,  represents  the  available  part  of  the  plate.  It  contains  fiilly  28 
indentations,  varj'ing  in  size  because  leuses  of  different  carvature  were 
osed,  bat  it  appears  at  a  glance  that  there  is  room  for  many  more  expeil- 
meuts. 
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VI.   THE  CONSTANTS  AND  SOURCES  OF  ERROR. 

The  two  chief  constants  of  the  apparatus  are  the  scale  value  of  tbe 
ocular  micrometer  and  the  ratio  of  the  arms  of  the  prime  lever.  The 
former  was  obtained  in  tlie  nsual  way  by  comparing  it  with  an  objective 
micrometer.  In  my  fiTial  and  most  accurate  comparisons  a  tenth  milli- 
meter scale  was  inserted  in  place  of  the  plate  i».     Thus  I  found 

27  scale  parts  =  1""" 

witb  a  devidd.in  near  the  edges  of  the  field  presently  to  be  discussed. 
In  view  of  the  form  of  the  lever  the  ratio  of  the  arms  could  not  have 
been  measured  accurately  by  a  direct  method.  Hence,  I  replace  tbe 
plug  Z  by  another  containing  a  pin,  on  which  a  strong  scale  pan  hang- 
ing in  the  main  below  the  bedplate  <i  Q '  could  be  pivoted.  Ob.serra- 
tious  made  for  equilibrium  between  the  new  pan  and  the  stimip  B 
(weights  being  8iutab]aMii|AAft  the  former)  showed  the  ratio  in  qnes- 
tion  to  F=  dAjgl^^^^Btenor  of  -^  0.01,  ?'.  only  about  * 
tenthi>ercaiilM|^^^^^^^^^^^BpW8,  therefore,  that  all  measare- 
ments  in  totlf^  ^^^^fc  are  to  be  divided  by  i!T,  and 
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tlie  obnerred  load  at  the  eod  of  the  lever  (including  of  coarse  the  weight 
lioth  of  the  Btirmp  R  and  the  pan)  is  to  be  multiplied  by  9.8.  Thus 
the  viilue.8  of  spot  diameter  and  total  pressure  are  reduced  to  absolute 
units. 

The  third  class  of  constants  are  the  lens  curvatures,  purposely 
varied  in  different  experiments.  I  did  not  attempt  to  find  them,  how- 
ever, for  I  was  able  to  avail  myself  of  the  values  of  the  mechanioian  in 
charge,  who,  in  addition  to  the  <;hief  datum,  also  supplied  me  with 
the  errors  probably  made  in  their  manufacture.  These  errors  never 
eiceede<l  0.1""",  and  were  even  smaller  than  this  for  smaller  curvatures. 

Another  important  question  may  be  alluded  hi  here.  It  does  not 
Totlow  at  once  that  the  diameter  of  tiie  black  s[iot  measured  in  the  field 
ofthe  t«leM-x)pe  actually  coincides  with  the  area  of  contact.  The  ques- 
tion relative  to  the  correction  to  be  applied  is  to  be  looked  at  fi'om  four 
points  of  view :  (1 )  It  is  known  that  in  case  of  Newton's  rings,  light  is 
not  only  extinguished  tiiroughout  the  area  of  contact,  but  throughout 
a  Homewhat  wider  margin  to  a  ])oint  at  which  the  vertical  distance 
between  plate  and  lens  is  about  i  wave  length  (say),  depending  on 
the  intensity  ofthe  illumination.  The  9pot  is  therefore  to  this  extent 
liTger  than  the  area  of  <'ontact.  Now,  it  would  be  possiblo  to  compute 
this  correction  from  the  data  theoretically  given  for  the  curvature  of 
the  area  of  contact  in  a  way  sufficient  for  all  ^Missible  cases;  and  this 
has  been  done.  It  is  much  simpler,  however,  and  more  free  from 
assnmptions  which  need  not  be  detailed  here,  to  refer  such  measure- 
nents  to  the  first  of  the  rings  surrounding  the  black  spot.  For  the 
position  of  the  ring  is  such  that  the  vertical  distance  between  plate 
uudleas  is  necessarily  ^  wave  length.  Now,  since  the  area  of  contact 
is  always  very  small,  the  curvature  of  contiguous  parts  may  be  neg- 
lected. Hence  the  correction  to  be  applied  [deducted)  is  ^  of  the 
distance  of  the  first  ring  from  the  edge  ofthe  spot,  meaning,  of  course, 
Hie  true  edge.  In  other  words,  the  correction  is  one  half  the  distance, 
I.  between  the  tirst  ring  and  the  apparent  edge  of  the  spot;  and  since 
this  correction  (J  f)  is  to  be  deducted  from  both  ends  of  the  diameter 
i,  the  full  correctiiin  is  f,  or  the  true  diameter  of  the  area  of  contact  is 
i~f.  It  isadvisable,  therefore  (other  considerations  will  appear  below), 
toconstruct  a  table  in  which  for  any  given  substance  the  correction 
may  be  taken  at  once  as  a  function  of  the  pressure  ajipliod  and  the 
cnrvature  of  the  lens  used.  For  practlttal  purposes,  moi-eover,  an 
approximate  table,  in  which  the  correction  is  nuipiiodont  as  a  function 
of  spot-diameter  and  lens-cur  vatii  re,  p„  will  in  most  ciises  be  sufttcient, 
no  matter  what  the  siibstancu  maybe,  9ucli  a  table  may  heie  be 
inserted,  spot-diameters, »?,  being  given  in  scale  parts,  and  the  cor- 
rection in  ^  scale  parts  of  the  ocular  micrometer. 
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'2,  Ttif^a.tiifpfiali'^HlM-rrati'Hi  of  tbf  image o)>^'-n-t^i  ibr»a^  eW pbte 
)»  ttf.xt  Ut  \tf.  i:»mMAm%\.  In  Tieviif  the  »mallan;riiliir4leTua>aof  tbc 
fM>«^"f  MiSflit.  tliRerrOTiiKiiieMtioii  will  never  exceed  ooe-tentb  |>iY(«si 
itf  tUf.  oli^rvMl  VHlue,  anIefM,  intleMl.  the  observatkMis  arc-  Bade  nnr 
(lit;  <;ir<'Mmr«i-«riw  of  the  fieM  of  view.  Thin  is  quite  nnnepestwr  sad 
mUfmM  not  bti  d'lne, 

'''if  Aii'fthiT  iiRftlifftble  error  ih  introduced  by  the  fUt-t  tbat  Ibeob- 
wrvMl  M[M)t  In  a  hori/ontnl  projeetion  of  the  cnrred  area  of  contact. 
Kv«n  In  the  <;»«!  ni  ray  most  <M>iiv(fx  lenses  and  the  highest  prrssore 
wliiiinafble,  tlie  v.VIm^  oftlie  difference  of  area  of  the  actaal  jtnrfare  and 
itN  |)ro|i«^ti'>n  will  not  exeecil  2  in  1,(HH). 

(1)  l-*in»lly  tlie  flexure  of  the  Ui»t  plate  j>,  which  uoder  the  eiraini- 
Htmi»-H  Im  vAt\ivt:rU-x\  '\iiU>  a  i-onc-ave  Ions,  may  be  addnoed.  A  cofrectioD 
of  thin  kind  would  be  H|ipreciable,  if  the  object  to  be  obaenred  wen 
HitiniUtil  at  an  aii|irt^;ialile<Iifitan(«beIow  the  lens.  This  state  of  things 
eaii  not  be  at  otn^ti  dinmiHiuMl,  for  the  lrH;UM  of  the  circumference  of  Ibe 
H|H>t  it  at  a  plai^o  where  the  plate  and  the  lens  no  longer  toach  each 
other,  an  has  JiiHt  l>een  inditnited.  In  other  words,  the  question  umteui 
phttiM  tin'  lU'.tinil  jioHition  of  the  Icjcus  or  Heat  of  interference.  Divers 
exiH>rlmi'iitN  wlilfth  I  niiule  with  t(i)ecial  reference  to  thitt  discrepancf 
pi'oved  however  that  the  {treHcnt  Nouree  of  error  is  not  of  greater 
moment  than  the  ))i-e<'i><ling. 

VTI.  TlIK  THEORY  TKSTED. 

The  inaterialH  t^t  wlucli  I  vxm  lined  my  present  experiments  were  glass 

and  quartz.    The  glass  wan  obtained  from  the  well-known  house  of 

Sohott  &  (U>n,  and  the  tliret!  samples  fUrniitbed  were  marked  I  (ratlier 

soft),  U  (of  nu>an  IntrdiieHs),  and  111  (rather hard).     Themerefact  t!i»t 

t  was  lluis  able  to  avail  inyNclf  of  three  degrees  of  hardness  of  oneaiid 

Hie  Niuae  nubNlaneo  lent  a  peculiar  interest  to  the  testa,  for  the  differ- 

eiii'i'M  of  liai'ilni'MH  in  ()uesli<ni  eonid  not  in  any  citse  be  very  marked, 

iiiid  the  teMis  \vonl<)  therelbre  contain  an  innuediate  indication  of  tbe 

-"■••■iMveiH'MH  of  niy  niethtiil.     In  aildition  to  these  substances  I  also 

'  with  II  philf  of. limit/  (IV)  ent  at  right  angles  to  the  cryshillfr 

a\i«,     lU'ie,  nt  \m>11  as  in  the  ease  of  the  glass  (I,  II,  III),  the 

I  pliitit  were  cnl  IVoni  one  and  the  same  snl>stance  in  each  case. 
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Prelimiiiaiy  uptical  work  showed  that  the  departure  from  hoiuogeoity 
throughont  the  mass  of  glass  examined  was  nearly  Inappreciable,  and 
the  same  was  true  of  the  given  faces  of  the  qoartz  appliances.  Had  it 
not  been  the  case,  the  tests  themselves  wonld,  in  the  course  of  the  work, 
have  indicated  deficient  isotropy,  seeing  that  both  the  position  or  the 
shape  of  the  lines  of  rupture  depend  on  these  <;oiiditions.  Such  results 
were  indeed  actually  obtained  in  certain  exx>eriiuentH  which  I  made  with 
this  especial  end  in  view,  bnt  with  which  I  will  not  further  detain  the 
reader,  for  another  question,  and  an  important  one,  has  since  loomed 
into  view  and  mast  now  be  answered.  The  theory  sketched  above 
makes  mention  only  of  isotropic  media,  and  thus  it  is  not  warrantable 
to  apply  it  to  crystals. 

In  a  measnre  this  is  true,  but  it  mnst  be  noticed  that  in  the  tirst  of 
the  etiuations  (4)  only  the  numerical  coefUcient  is  induenced  by  n-olo- 
tropy,  and  if  equations  (1)  and  (2)  can  be  proved  to  hold  for  the  crys- 
talline body  empirically,  then  the  last  of  the  equations  (4)  can  be  wrong 
only  as  to  its  coefficient,  Forthermore,  the  uncertainty  can  be  tested 
by  means  of  the  equation  (3),  as  compared  with  the  second  of  the  e<iua- 
tions  (4),  to  a  very  small  margin  of  uncertainty,  by  inserting  known 
values  of  the  elastic  constant  E'.  Aside  from  this  an  interpretation  of 
the  coefficient  in  question  shows  that  it  is  necessarily  inclosed  within 
narrow  limits.  There  is  still  another  point  of  view.  Hertz'i;  theory  is 
true  for  elliptical  contact  surfaces  quite  as  much  as  for  spherical  sur- 
faces, from  the  nature  of  the  reasoning  employed  j  and  even  in  the 
more  general  case  (ellipsoid)  the  numerical  factor  in  questions  turns 
uat  to  be  3/2.  if  therefore  the  latter  is  independent  of  differenc«s  of 
direction  considered  geometrically,  it  will  also  be  independent  of  the 
elastic  assymmetry,  u  consideration,  it  is  true,  which  applies  primarily 
for  lines  lying  in  the  plane  surfarce.  nf  the  plate,  but  does  not  apply  to 
the  norma!  dimensions  or  depths. 

1  am  bound  to  acknowledge,  therefore,  that  the  data  obtained  with 
crystals  are  possibly  not  as  accurate  as  the  corresponding  data  for 
isotropic  substances.    Tbis  curious  divergence  in  the  behavior  of  crys- 
tals and  glasses  is  borne  oat  by    the  following   i|ualitative  result: 
Whereas  impressed  area  and  the  line  of  rupture  of  an  isotropic  body  is 
always  a  circular,  only  the  impressed  area  retains  this  figure  for  < 
while  the  lines  of  rupture  is  a  figure  midway  between  a  circle 
heiagou.    I  will  return  to  this  matter  elsewhere.    The  radii  of 
tore  )fthe  lenses  used  were  widely  varied,  and  the  valnes  1,3, 4 
1-,  15,  and  30  "■"'.  enter  the  following  experiments,  the  first  an 
however,  only  in  special  work.    If  the  radius  is  too  small  there 
ODB  difficulty  iu  measuring  the  area  of  contact.     Large  radii, 
ofer  hand,  are  equally  unsatisfactory.     The  initial  point-con 
tir     '~>vs  attainable  in  this  case,  while  the  stress  which  mm 
ui:  jronght  to  bear  is  a  serious  tax  on  the  apparatus.    _, 
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tiK  i-irrl»«  of  mplDn-  are  ^vt  large  that  fi>r  a  given  plate  relatively  few 
taitii  can  be  made. 

My  llri't  meaAaremeiitF:.  made  with  the  sole  object  of  verifying  Hertt** 
tb«;<^ir>-.  I>wir  directly  on  the  tmth  or  thedefreeof  apimtximatioiiofthe 
eqnatioiiH  1 1  ^  I'Jj  I'-i]  of  Ket-tion  2.  Not  oDtil  this  vas  done  was  it  war- 
rantable to  proce<;d  with  etjnationK  (4|  and  (H)  for  the  measnremeiit  ot 
/',  and  E'.  (!)  To  tent  the  equation.  (Ij,  v; -const.,  or  p  (r  =  const, 
many  meaMnretnentH  were  made  for  each  of  the  four  samples  ennmer- 
at««l,and  for  increasing  vatnes  of  presxnre.  Here  a  few  retrolta  selecta' 
at  random  from  my  notebook  may  be  exhibited. 


12.  liiiHiii.  f^t. 
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It  iv])i>cars  iit  a  f;laii€<:  tlmt  in  tbe  third  series  g  is  constant  and  that 
the  same  is  tme  as  a  first  approximation  in  the  flrnt  and  second  series. 
Closer  scrutiny  of  the  data  reveals  a  gradual  bat  slight  decrease  of  q 
in  tho  latter  cases,  arbitrary  fluctuations  being  allowed  for.  Thus  in 
the  flrst  series  the  average  q  for  the  first  seven  observations  is  3L0,  aud 
for  the  last  six  29!»;  in  the  second  series  similarly  the  mean  q  for  tbe 
first  five  and  the  last  fonr  observations  is  367  and  361,repectively. 
This  discrepancy  is  accounted  for  by  etpiation  (5),  aud  indicates  a  eor- 
rest>oiiding  de<'reiibc  of  K\  that  is  either  a  grmlnal  diminntion  of  tbe 
modules  K,  or  of  Poisson's  ratio.  Both  conditions  may  plausibly  be 
DSsnmed.  But  since  the  observed  nian'h  is  insignificant  or  even  quite 
abM'iit  in  8<»uie  of  my  scries,  it  may  justitiiibly  be  neglected.  I  sball 
thei-elbrc  take  q=const.  throughout  my  work.  With  this  nnderstand 
ing  the  probable  errors  of  a  in  the  above  table  may  be  computed  and 
apitenr  as  follows: 

[./|  =  0..'UK>S  1  O.OdH;:  jflj  =  «.:t(H.l  I  0.0031;  |qj  =  0.868  i  0.003, 

so  that  the  mean  value  of  7  for  tbe  cxjtcriments  is  correct  to  about 
one  half  iH>r  cent  and  tbe  ern>r  of  the  quartx  series  does  not  exceed  1 
per  c<>nt.     By  repeating  the  al>ove  work  a  number  of  limes  thQ  attain- 
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abl«  accnt-acy  i8  further  increased.  V»laesof  (y  ubtaiiied  in  thixway 
for  different  plates  and  different  lenses  of  the  same  material  and  radius 
in  each  case  show  larger  differences  than  the  foregoing  analysis  lias 
made  probable.  Hence  it  is  reasoaable  to  suppose  that  the  different 
samples "teally  differ  as  t^i  elasticity,  although  the  differences  and  the 
probable  errors  are  surprisingly  small. 

(Ha*)  I.  ralHei  of  if. 
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Quarii,  raluM  of  g. 


n  Tbe  r.illixrlnK  dau  hr-  Bufficli-Dt  ■••  v( 


(3)  It  is  now  only  iteoessary  to  prove  the  equations  (3),  Thi^  ditta  for 
I'  vary  between  4  and  140  kilograms,  an  interval  which  in  compariwin 
with  the  small  areas  of  contact  eucoimtered  is  strikingly  large.  Id  the 
case  of  diflTereut  <-xperiment8  made  UDder  the  same  conditions,  t.  e.,  for 
values  all  correH]>OQ(linj;  to  the  same  material  and  the  same  lenscnrva- 
tui-e,  /'varies  pn>nonucedly,  as  the  following  example  shows.  The  series 
is  again  chosen  at  random  and  represents  an  uiifavoral)Ie  case,  tor  the 
probablu  error  of  the  mettu  result  is  fully  3j  per  eenl. 


Now,  it  iK  to  be  observed  {!)  that  at  large  value  of  P  is  usually  cor- 
relattnl  with  a  large  value  of  i>,  and  thei"efore  also  corresponds  to  a 
snialleT  q,  thus  tbe  tluotuations  are  in  part  rectified;  (2)  thatinthefinat 
equation  (4)  tlie  cube  root  of  1'  only  entei-s,  bo  that  all  errors  are  reduced 

iexi>ected  result  is  reachp<l.  however,  when  the  data  fordif- 
rvatures  are  compared.  The  e<iuatiuu8  (3)  are  not  cori"oh- 
en  approximately,  though  it  would  not  be  diEQcolt  to  flu<l 
.-m.   Thus,  for  iu8t)iuce,iu  case  of  the  glass  II  the  data  are: 
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All  of  which  relations,  insti-ad  of  being  constant^  appret-iably  decrease. 

This  may  be  expressed  as  follows:  The  preasure  prr  unit  of  area 
irkicAjunt  produces  n  line  of  rupture  in  the  surface  of  a  given  plate  of 
»  given  body,  is  not  always  the  same;  the  said  pressure  iiwreasea  in 
proportion  as  the  test  lens  is  more  convex  or  the  area  of  contact  smaller. 
A  fitrther  stat«nient  to  the  same  effect  may  be  made  by  indicating  that 
the  total  presBure  just  suQteient  to  produce  a  line  of  rupture  is  not  pro- 
portional to  the  square  of  the  lenstrurvature;  or  again  that  the  diam- 
eter of  the  impressed  area  when  rupture  just  occurs  is  not  directly  pro- 
portional to  the  radius  of  the  lens,  seeing  that  both  quantities  increase 
nt  a  retarded  rate.  Mere  ina[>ectioa  of  the  above  table  shows,  how- 
ever, that  the  values  of  the  Ke<:oiid  row  [Pif^)  decrease  at  the  rate  in 
which  thevalues  f9increa8e,andthe  sameobMervation  applies  to  theother 
rows.  Hence  it  follows  that  the  relations  theoretically  deduced  above 
are  to  be  replaced  by  empirical  relations  such  that  (1)  P  is  not  propoi'- 
tional  to  !>',  bat  to  i)*'',  (2)  P  is  not  i)roportional  to  f^,  but  to  p ;  (3)  not 
iJ,  but  If'  is  proportional  to  p. 

In  liow  far  these  inferences  are  actually  borne  out  by  experiment  m 
Hliown  by  the  following  summary : 

I  pr-.  s,  i.  m.  15.        Mean  volam.  ' 


l._  .  I       _J___! '. I 

The  probable  errors  are  throughout  only  about  1  per  cent. 

For  the  other  plates  these  relations  were  also  applicable.  In  these 
eases,  however,  only  two  values  of  p  (1  and  12  millimett'rs)  were  availa- 
ble, so  that  the  test  is  not  very  cogent.  I  therefore  had  a  new  plate  and 
lens  made  out  of  each  of  the  samples  of  soft  glass  I  and  of  quartz, 
selecting  the  radins  in  such  a  way  that  the  impn>ssions  of  the  stylus 
approach  the  effect  produced  by  a  iwint  or  needle.  A  small  radius 
also  seemed  preferable  from  the  following  uJterior  considerations :  If  the 
value  of  the  pressure  per  unit  of  area  which  just  produces  rupture 
in  a  function  of  the  radius  of  the  lens,  then  the  value  p=\  (milli- 
meter) as  compared  vith  the  above  ra^lii,  must  possess  the  particular 
im)K>rtance  of  a  unit.  Kxperiments  made  with  these  small  and  highly 
convex  lenses,  cannot  of  course  lead  to  as  great  a  n^gularity  of  data  as 
were  obtaiued  in  many  of  the  above  cases;  but  the  meau  result  is  nona 
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till)  It»<i4  pruuuiiiK-iHlly  ill  IiiirmoDy  witli  tht'i-elatious  just  acldiict^.  Tlits 
up|>«>iirs  in  th*-  fullowiii);  siiiiimai-y : 


„. 

:'« 

JAM 

"" 

[«MM 

**""'*■  Mam  '^/»=  5U-S  5i"! 

llv»>.  lis  ill   tbe  above  case,  th*^  probable  trrrors  are  between  i  nod 

t  tti  til*'  Itasis  of  tbese  i-vsults  it  lullows.  therefore,  that  if  bardiiess  be 
»Him|int»Hl  by  the  last  of  the  eqiiatiiitis  (i),  the  Hertzian  values,  P,,  will 
VHvv  with  *>.     If,  however,  these  data  (P,)  are  nmltiplied  by  v'J>,  w- 
HWHf  ('ouveiiieiitly,  by  3  v'a  then  the  new  values  of  hardness  are  cou- 
■U»hI  nualitiea,  irresiiei-tive  oftlie  curvature  of  the  stylus  used.    In 
jji'iH^mU  ftirtlierinore,  the  theoretical  premises  have  been  corroborated 
t'.\  <>\]H>rinieiit  to  a  i-emarkably  vlose  degree  of  at-eordauce ;  only  in 
^ititi  (Mtiiit  (and  tliis  happens  w  Ih)  the  most  important  dednctiou)  is 
Mii'M<  II  wide  divergen<M!  between  predictions  of  the  theory  and  the 
liH^li,     hiustuuch  as  the  disagreement  evidences  a  well  defined  law,  it 
u  ww\\\    while  to  examine  the  mnditions  under  which    the  theoni' 
4i.i.lh"«. 
Ill  lltn'l/ HiiiipoKes  the  area  of  contact  to  be  small  relatively  to  the 
In   the  above  experintents,  however,   it  is  quite 
his  can  at  once  be  assumed  iu  all  eases.     Indeed,  the 
tug  radius  of  the  impressed  area  B  and  the  lens 
les  as  high  as  1  :  11,  and  they  can  not  be  atoucedis- 
hus  led  to  inquire  in  how  far  the  theoretical  state- 
pressure  direction  and  pressure  components,  curva 
le  impressed  surface,  areafi'ecteil  by  the  large  valueN 
ave  done  this  and  And,  iu  a  way  which  has  already 
the  above  text,  that  the  theory  still  holds  to  a  degree 
rors  of  experiment,  at  least  iu  the  majority  of  obseT' 
values  of  g,  moreover,  is  compatible  with  this  result, 
ncreasing  loads  t/  is  pronouncedly  cx>n8tant  when  p 

iteresting  fact  that  the  locus  of  rupture  surrooiids 
and  is  situated  at  a  cert-ain  distance  from  it,  rnvj 
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be  bwked  into.  But  it' in  tlie  nbovt^  formula  tlie  iiuprt»»aed  liurfavv  i8 
replaced  hy  the  area  wittiiB  tliu  cirele  of  rupture,  Ibo  empiric  law  stated 
above  is  out  changed.  The  source  of  discrepaucy  is  not,  therefore,  to 
be  found  here. 

(3)  Nor  does  the  assumption  that  the  im]>ressed  surfaces  may  be  rel- 
atively too  large  help  aa  out  of  the  dileiUDia.  For  iu  such  a  case  the 
difl'erences  between  theory  and  fact  would  vaiiiKh  in  proportion  as  £//j 
is  smaller.  The  results  do  nut  show  this.  In  case  of  glass  HI,  for 
instaoce,  the  ratios  P//)"  are  still  eiiormouSly  different,  for  «3=1  and 
p=:l'2  i*/i)*=83.0  and  541.4,  resi)octively),  whereas  the  (luantity  R/p  has 
already  decreased  to  -^g-  and  ,^3,  resi>ectively. 

To  decrease  R/p  even  beyond  this,  a  new  lens  wa«  made  of  the  same 
g'ass  with  a  radius  as  large  as  p=:H)  millimeters.  Iu  this  case  R/p= 
ji-,  and  PjIP  ought  therefore  now  either  to  coincide  with  the  corre- 
sponding quantity  for  p=l'-i,  or  at  least  to  differ  inappreciably  tVom  it. 
The  data  found  Ibr  PJH^,  however  (Sy.li  and  5IJ.4),  are  very  far  from 
being  constant,  while  PjD'2'3  shows  the  same  tixed  values  as  above. 

(4)  I  may  instance,  in  passing,  that  in  the  case  of  different  substances 
tlie  quotients  P/i>^  are  indei)endeut  of  p.  Thus,  for  the  aubstan<«s 
tested  the  values  given  dimensions  of  lens  are:  Gliiss  1,  100;  glass  II, 
lOoj  glass  III,  113;  quartz,  135.  Hence  it  is  possible  to  obtain  a  rela- 
tive teale  of  hardness  whicth  is  not  affected  by  the  iliscrepancies  here 
discussed,  and  therefore  some  certain  progress  has  been  reached,  irom 
a  practical  point  of  view  at  least. 

(r>)  Sammariziug  the  altove,  I  am  bound  to  confess  tliat  the  cause  of 
the  discrepancy  between  theory  and  experiment  has  thus  far  eluded 
me.  A  gap  tnust  therefore  be  left  iu  tlie  theoretical  side  of  the  inquiry, 
with  reference  to  which  I  would  like  to  hazard  the  following  sugges- 
tioos:  Compatibly  with  the  relations  which  I  have  found  experi- 
mentally, the  last  of  the  equations  (4)  leads  to  very  different  values  of 
Pi  when  different  test  lenses  are  employed.  If  therefore  P,  be  tcrme<l 
the  hardness  of  the  material,  the  formula  han  no  concrete  meaaing. 
Hence,  either  the  stated  definition  of  hardness  must  be  rejet^ted  or  one 
oftbe  couditious,  subject  to  wbi4^h  the  equation  was  deduced,  is  not 
4>phcable.  Saliently  among  these  is  the  assumption  that  plato  and 
lens  are  of  the  same  material,  an<l  are  therefore  necessarily  identical  as 
to  hardness.  If  this  is  not  the  case,  then  the  hardness  of  one  of  the 
parts  of  the  system  is  to  be  expressed  in  terms  of  the  otlier  (the  equa- 
tions for  this  computation  are  of  an  involved  character),  and  with  the 
lid  of  the  observed  data  j  orei|uation  (4)canonlyyieldarough  value  for 
tbe  mean  hardness  of  the  system  of  plate  aud  lens  at  best.  The  point 
vhicb  1  am  approaching  is  this :  Even  if  the  lens  and  plate  be  cut  from 
the  same  homogeneous  solid  it  does  not  follow  that  they  are  necessa- 
rily equally  hard,  for  hardner^s  may  reasonably  be  conceived  to  vary 
both  with  the  substance  aud  with  the  sui>erficial  curvature  of  the  parts 

L:,y,l,.euL7  Google 
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tlhtlh'li    lit*    tilt'   l-HM",   tUfJ  JrhMW  ^■^<t^*t  ikit 

nil  ill  |/>iMv''  vjilii'-'iii  tliKontAide  i^tk^  Arte* 
lif<  if«^t'Prr«iMii  l»  (Mm^n^iitly  related  to  tkrifw 
liitit|iii 'iniiit<,  OltvioiiHly  tite  latter  is  depentel 
lltMiMliiiiit,  I  lilt  (il  Iter  on  Uio  curvature  in  a  aafk 
I'M  M  M  tlic  <>«|i<'i'lili<-ril  U-wIh  todilferent  T^lw* 
>  iHllnn'iit  It'iiN  i'iirvii1iin>H  apply,  it  does  not  W- 
I  \  iiliicn  liitiy  liol  111)  ('tn'iiwiHnid  to  one  aiid  the 
Ki  tltiiii>  I'lHiMliliMiilli'iiH  limy  even  be  pat  nwR 
iilliil  lliitl  llit>  iiiiivlitinit)  prt'Hrtiii'eou  the  sarfsM 
iM'llt'il  Hi  IttUHtivDu'tMil  ulli  itstuitioD,  however, 

t  H  t>A  lti>>  ks'Uxlv  ilivii.«lb  v-i  truu  <n  in>.  which,  accoiding 
\>>l   l\  ts\<  \<   <^v>  I.  iiiv'Ai><i  lu  |UV(H>nkui as  the thicl- 
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isdistribnted  sradinlly  uutil  a  line  of  rupture  in  the  viHible  ruoult.  Heuvn 
it  H  not  remarkable  ttiut  constant  reaultH  vaa  only  be  reached  if /*  ju 
divided  by  a  low  power  of  I>. 

VIII.  DATA  t'OR  HARDNESS  AND  ELA8TI(;!TY. 

The  remarkx  of  the  preceding  iwragraph  have  Hhowii  that  though  the 
Uieoretica)  questions  eucuiuitcred  in  the  present  paper  are  in  need  of 
fhrther  elucidation,  the  considerations  involved  do  not  much  affect  the 
practical  side  of  tbe  issue.  I  have  already  point«d  out  that  inespective 
of  the  shortcnmingH  of  the  theory,  tlie  relative  scale  of  hurdness  is 
vouched  for.  Again  there  is  one  particular  case  in  whi<;h  the  data  are 
TtrtuaUy  absolute.  This  occurs  when  the  curvatnre  of  the  lens,  p=l. 
Kinally  the  absolute  value  of  the  data  obtained  will  necessarily  be  gen- 
eral, since  the  facts  show  that  by  multiplying  Hertz's  expression  by 
^'/p,  the  results  for  a  given  substance  arc  constant  throughout.  This 
datum  may  safely  be  taken  as  the  absolute  hai-dness  of  the  body, 
although  its  mechanical  interpretation  is  nut  quite  apparent  nor  qnite 
certain.  Furthermore  even  these  strictures  will  disappear,  if  the 
oc(;urreDce  of  a  paiticolarized  surface  hardness  can  be  inferred  from 
other  and  independent  experiments,  or  if  the  dependence  of  tenacity 
and  of  hardness  on  lens  curvatnre  can  be  similarly  computed  in  all 
cases.  With  these  conditions  premised  the  quantity  Pi  y  p  may  be 
termed  the  absolute  hardness  of  the  body,  and  hence 

To  give  an  example  of  the  fluctuations  here  in  question,  the  following 
two  seriejt  of  individual  values  of  hardness  may  be  adduced : 


I"-!: 


It  was  my  habit  to  4M>mpute  all  the  values  of  H  individually.     From 
these  the  following  mean  values  of  hardness  were  derived : 
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These  data  show  a  sequence  of  value.-*  which  in  the  llrst  phMio  ia  . 
qoiilitativelyin  accord  with  the  usual  scale  of  hardness  (glass  im^ 
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tlie  valae»  of  n  lor  gluHS  lie  Itctwiwii  <).2<)8  »ud  0.264,  itud  tor  tbeHO 
extremes  the  values  of  (I— ;<^)  are  0.957  auU  U.930,  respectively.  Far- 
ihermore,  the  mean  value  and  probable  error  of  n  will,  iu  consideration 
of  the  wei^btH  of  t  be  individual  niea-surements,  be  ^=0.235±0.008,  and 
tlierefore, 

(l-;i')=y.949±0.00;J. 

Hence  tlie  error  would  be  no  larger  tlian  one-third  i>cr  cent,  but  for  the 
fact  that  n  is  only  given  for  very  small  strains.  In  ca^e  of  marked 
deformation  /j,  according  to  ROntgen'  and  otbera,  is  smaller;  and  when 
the  body  is  incompressible  (where  tt  =s  0.5},  the  decrea.se  in  question  is 
pronounced.  These  extreme  conditions  arc  without  relevancy  in  the 
present  case,  and,  proceeding  from  analogy,  I  shall  put 

(l-;i')  =  0.97iO.Ol, 

so  that  the  probable  error  is  1  per  cent.  Hence  to  compute  E  it  is 
merely  necessary  to  dedm^t  -i  per  cent  from  £',  whence 


datorUl.    .  UlaM,  I, 


'uiaaa.IE.  liluu, 


The  elasticity  of  difi'erent  glasses  is  therefore  subject  to  large  varia- 
tioDs,  and  it  is  scarcely  possibhr  to  make  a  detailed  comparison  with 
tlie  results  of  other  observers,  as  long  as  the  cbarairter  of  the  glass  in 
qoestion  is  not  definitely  s]>ecifled.  In  how  far  my  results  are  in  ket»)>- 
ing  with  such  value  may  be  gathered,  iu  a  general  way,  Irom  the  follow- 
ing interesting  table: 


Cn-UJ,     contalii- 
higPb. 

<irHii[iiti  gUai 

TliDriii^iab  gUaa  . .  r 

Hiir  hard  glau 

Crjilil 

littvgU«a 


_«^-__ 

E. 

!AT. 

tnta 

6890 

Sulmlauee. 

l-lateglaM 

Plate  glass.   Khen 

OlaMofFurlli.... 

Belgian  gl»H. 

Hardglaa- 

Bolixmian  glass... 
Window  glass... . 

[         Observof. 

.    Wertlirim 

Volgt 

.    IV-baiOl 

.    l'-<:lieldl 

E. 

Wertheimi 

7358 

v.KairalBkl' 

7493 

Wertheim 

.    pHibDh)) 

.'  WBrtbolm 

■    '-^ 

:  Oanpt.  Rmd.,  IMS,  VI 


It  is  my  purpose  to  carry  out  a  comparison  of  this  kind  systematic. 
ally,  by  testing  both  the  modulus  of  elasticity  and  the  hai'dncss  of  a  great 
vmety  of  glasses. 

■  ESntgtfii;  Pong.  Ann.,  1876,  vol.  ci.ix,  p.  601.        i-u  i  y  CtOOQIc 
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t-'or  i|aartz  the  value  yi  has  no  iniuiediat:4r  meaniug.  but  the  foflof 
with  which  fJ*  bibibe  multiplied  to  obtain  the  mudnlus  f^u  in  thedirci' 
tinn  of  the  sxIb  is  certainly  nearer  1  than  in  the  case  of  k^^^^i  ^t^ing  that 
bnth  h»nlneM8  and  elasticity  are  more  pronounced  in  the  former  <:a^ 
H«nce.  the  error  made  by  putting  Eo=E'  or  £^=10164  will  not  be 
liu-ger  than  2pert-ent.  Indeed,  this  value  when  compared  with  Voigts 
vaiae,  K,=tiK3i>4.  atn'ees  with  it  to  about  1  per  cent.  In  consideratioD 
*>f  the  DotaOf  different  methods  by  which  the  two  results  are  reachwl, 
the  afireement  b*  very  satis tactory.  Moreover,  since  the  two  datauir 
rttnpimd  tu  tiifler«Dt  int^DStties  of  strain,  complete  co-int-ideiice  is  oot  to 
l>tt  luMked  for. 

I  will  i;h>ne  with  a  short  (timpariaou  of  the  values  of  hardness  and 
•"luKTiciry.  It  ap[H>ai-s  at  once  that  the  harder  of  two  bodies  is  tlie 
iimre  ehistic,  but  hardness  ini^reases  less  rapidly  than  elasticitj-.  If  ff 
l>v  expressed  in  pet  t'euts  of  £,  the  following  values  obtain:  Glass  I- 
:t.»;  Kla«»  U,a.3;  glass  III,  3.2;  quartz,  :!.!».  This  state  of  thingsis 
Htrikiiiffly  manifest  in  the  experiments  themselves.  One  would  nator- 
lil  ly  e.\]iei't  that  gi-eater  pressures  are  to  be  bnmt;lit  to  bear  in  the  cases 
4>l' the  harder  and  more  elastic  bodies.  As  a  rule  the  reverse  of  this  is 
t  he  fact.  For  in  the  vase  of  the  softer  material  the  snrfiM-e  of  contM-t 
rtipidly  increases,  and  hence  greater  pressures  nmst  be  exerted  to  pro- 
(]  luv  the  sHUie  stress  jter  unit  of  area. 
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THE  FLOW  OF  SOLIDS,' 
OR  THE  BEHAVIOR  UK  SOLIDlS  1;KDEK  HIUFI  I'KEKSURE. 


By  William  Hallock. 


Among  tbe  many  physical  questions  that  are  of  vital  interest  to  the 
student  of  stnictiiml  geology  the  one  whieh  may  well  cootend  for  a 
poHition  ID  the  front  rank  is,  What  is  the  effe<:t  of  pressure,  with  or 
Kithont  a  riKB  of  tempenitiire,  upon  the  rocks  and  rock -making  mai^nas 
which  form  the  outer  Bhells  of  our  earth  1  Asa  very  important  subdi- 
vision of  this  general  question  we  have  this :  What  in  the  effect  of  pres- 
sures upon  so-called  solids  icitltoiit  any  rise  in  temperature  above  a  point 
far  removed  from  the  ordinary  melting  jiointf  In  other  words,  (^an  we 
liquefy  solids  by  pressure  ahinet  As  corollaries  we  have  any  |iecu- 
liarities  at  the  instant  of  1iquefa«:tion  and  possible  chemical  reaction 
dnriog  this  state  of  enforced  liquidity. 

These  questions  have  long  formed  the  subje<:t  of  theoretii'^l  discns- 
sion,  but  in  spite  of  the  fundamental  ini]>ortance  of  their  satisfactory 
and  final  settlement  they  have  seldom  been  investigated  esperimen- 
tally,  doubtless  owing  to  the  difticulty  of  obtaining,  measuring,  and 
managing  sufficiently  high  iiressures. 

Walther  Spring  may  perhaps  be  rightfully  called  the  pioneer  in  this 
work,  having  within  the  last  few  years  publishetl  the  results  of  nnich 
experimental  work  upon  this  question.  Uis  memoirs  t  would  seem  to 
prove  without  doubt  and  linaJly,  that  pressures  under  7,000  atmos- 
pheres will  liqnety  the  large  majority^  of  solids,  and  it  is  only  a  ques- 

*  Fnm  BHlIelin  Xo.  ■''/■'>  of  Ike  U.  S.  tleological  Surtes- 

\Ftnd«  rjcod.de  /(el5.,18K0,  2ascr..  vol.   x MX,  and  18S5.  3d  ser.,  vol.  ix;  and 
Bull,  it  la  Hat.  rhiM.  df  I'nrii,  1S«3.  vol.  xxxix.  and  1K86,  vol.  xlvi. 
t  Bull.  4e  I'Acad.  de  iMi/.,  IWO.  'M  m-t.    -i.l.  xux.  /"-  [ 
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Korqiiai-tz  tli«  value  /;  lias  m.  --       ■  -        "*"' 

with  which  E' is  bibe  multiplied  t..  -  -     "-'"^ 

tioii  of  the  axis  is  certainly  nearer  I  ''*' 

both  hardnens  and  elasticity  are  in  -  '"^ 

Hence,  the  erroi-  made  by  puttiii;, 

larger  than  2  per  cent.     Indeed,  tlij  —   '" 

value,  i;„=10304,  ayrees  with  it  t..  .  "^  '" 

of  the  totally  different  methods  ii  -' 

the  agreement  is  very  aatisfactm  -'^ 

re^poud  to  difTerent  intensities '>!  -'   '-* 

be  looked  for. 

I  will  close  with  a  short  cinu 
elattticity.    Itapjwars  at  «ni(  _ 

more  elastic,  but  hardness  im  i 
be  expressed  in  jwr  ('«uts  of  ' 
3.9;  glass  II,  3.3;  glass  III.  : 
strikingly  manifest  in  the  e\ 
allyexpeet  that  greaterprcv  *  ^^^   \ 

of  the  harder  and  more  el;i  -  ^,  ^^ 

the  iwit.    For  in  the  casi'  ■  -  ^•t"' 

rapidly  increases,  and  liii  -_  j*-**' 

dnce  the  same  stress  iier  -      _  ,^w 
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:ice.    As  true  liqaids  we  should  then  have 

■  line,  molasses, et«.    Viscona  liquids  require 

1-  <rontainiug  vesnel  to  a  level  surface;  thick 

A' lien  the  substance  requires  hours  or  even 

II  gravity  and  change  its  form,  I  woald  call  it 

II,  shoemaker's -wax,  and  even  lead  and  some 

A  true  solid  retains  its  original   shape  indefl- 

onditioiiB  of  pi'essare  and  temperature,  as  »teel, 

such  a  thing  as  au  absohiUrty  or  perfectly  rigid 

wn  to  us  as  is  an  absolute  or  pn-fect  fluid. 

I  It'  correet,  "  true  liquefaction  "  is  the  diminishing 

Dsity  of  a  substance  until  its  molecules  change 

S  J  .a      IIS  as  easily  as  in  a  true  liquid. 

liions  merely  that  I  may  be  understooil  in  the  use 
tXK.'^  ^      I  not  t>ecause  I  think  them  nev  or  es))ecially  good, 
ibstance  may  undergo  a  change  in  its  chemical  or 
•  r.  it  is  undoubtedly  iiecessikry  that  it  shouhl  be  in 
ilit_        IfHSt,  of  a  viscous  solid,  tw  that  the  molecules  can 
tliemselves,  if  there  be  any  force  urging  them  thereto. 
Will  pressure  alone  impart  to  the  molecules  such  a 
— ^  11  •     vl  prion  it  is  inconceivable  to  mc  how  or  why  it 

^^  t  h  the  exception  of  a  few  isolated  substances  at  particu- 

k^  s — as  water  between  4<^  C.  and  ice  at  zero — an  increase 

^  I  (iimioutiouof  rigidit>'  is  simultaneous  with  an  increase 

f  tt  is,  with  an  increase  of  tlie  inter-moleciilar  dtsbinces, 

'iipliahed  by  "  heating"  the  substance.     In  general,  for  one 
■'  sabstance  over  considerable   ranges  of  condition,  the 
iiisbes  as  the  inter-molecular  distances  incrttase.     How  then 
y  :  the  molecules  nearer  together  be  exjiectcd  to  give  them  a 

iiivh  always  accompanies  their  separation  T 

THE   APPARATIK, 

'  "^t  requisite  tor  the  experiments  was  pressure,  and  naturally 

the  best  machine,  we  were  able,  through  the  kindness  »f  Gen. 

'■hief  of  Ordnance,  to  have  the  use  in  its  spare  moments  of  the 

machine  built  by  A.  H.  Emery  for  that  department,  and  situated 

tertown,  Mass.    This  machine  undoubtedly  enables  the  operator 

lin — measure — and  manage — high  pressuresbetter  than  any  other. 

Lsonally,  I  am  greatly  indebted)  to  Capt.  J.  Pitman,  of  the  Ord- 

'■e  Corps,  for  suggestions  as  well  on  the  constrnction  of  the  holders 

•11  the  theoretical  points;  and  also  to  Mr,  .1.  E.  Howard,  the  engi- 

f  in  charge  of  the  testing  machine,  for  his  knowledge  of  the  capacity 

lo&terials,  and  their  l>est  Khape  and  quality  to  obtiiin  the  results 

wired.    The  apparatus  was  cj)nstrncte()  by  the  American  Tmd  and 

*wliine  Company  of  Bt)stfl«.  Mass. 
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For  the  prelimiaary  tests  it  seemed  desirable  to  have  a  holder  which 
(H>uld  be  opeaed,  so  aa  to  show  the  compressed  material  in  positioa,  aud 
dnully  the  foUowiug  form  was  adopted : 


v_ 


^ 


Vi)i,  I  Nhows  a  loQgitadiual  section  on  A  A  of  Fig.  2.    Fig.  2  shows 

H  tt'ttlitivtinw  section  acroHs  the  holder  on  the  plane  B  B  of  Fig.  1.    E  K 

Hl't^  1 1)0  two  halves  in  contact  at  k  k.  inclosing  the  cylindrical  holeF,in 

wliUih  the  substance  to  be  pressed  is  placed,     k  k  are  strips  of  tissue 

iui|tei',  used  as  packing  betweea  two  lialves.     I  and  I',  Fig.  1,  are  the 

Iwo  piuH,  iictiag  as  pistons,  fitting  into  the  hole  F,  to  transmit  the 

|ii-iutHiut«)  <i  a  and  a  a  are  copper  "  gas-checks.^  placed  iu  front  of  these 

)ilUM,  t()  t)art>  out  and  fill  tightly  the  hole,  preventing  any  escape  of 

tiiiit*ii'l)il>     I'^iKS.  1  and  2  are  abont  ooe-sixth  of  natural  size.      Fig.  3 

^liowH  the  manner  in  which  the  apparatus  was  held  in  the  testing  ma- 

ii|iiiu>  mid  the  pressure  applied.    P  P  P  aud  P'  P'  P'  are  the  jaws  of 

lliti  liyilraulio  clamps  of  the  machine  (capacity  1,000,000  pounds).    H 

II  am  uuu-ely  blocks  to  enable  the  clamp  to  properly  hold  the  holder 

k  to  hold  the  back  stAtiooary  pin  in  place.    The  let- 

and  2  apply  in  Fig.  3.     V  V  is  the  hydraulic  clamp 

of  the  testing  machine  where  the  pressure  is  weighed. 

tuoves  on  a  spherical  surface  (B  R)  on  the  plate  T  T, 

the  mljnstment  of  the  face  of  O  perpendicular  to  ttie 

ir  parallel  to  the  rear  surface  of  the  pin  I.    To  appl.v 

s  movable  clamp  P  P'  is  forced  toward  V  V  by  a 

,  tlins  foiving  the  holder  K  E  over  the  pin  resting 

ii'cHSure  on  (>  is  measured  by  the  hydraulic  balance 

In  this  miinner  a  total   compressive  power  of  oof 

iiM  iiviiilable.but  as  the  pins  yielded  at  110,000  pounds 

lhc>  tt'stH  were  not  carried  above  0,409  atmosphena, 

|ior  miiniro  inch. 
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1.  t.—Tmttol  tatln);  nucbina. 

KXl'KRIMKNTS. 

Witb  thuabiivo  apparutuH,  um-(1))S  ditHcribfx),  tL^folUmn^  totits  w«ru 
made: 


A  pai>er   roll  containing  1.5.17  jH>aiidti  *'c.  \t.  granulated  lead'' was 

placetl  in  the  hole  F,  tlie  gan-cbcH-ka  »ii<l  pins  \n-n-  iiisert^l,  tli<>  lioliler 

halves  clamped  together,  and  the  preasure  was  nlowhj  upplicdj^the^^- 

amonnt  of  c(>mprosaion  was  luoasuvod  in  the  distance  to  which  K  E  hhd 

H.  Mig.  334,  pt.  1 16 


iiiiiplyi^fr  the  aimnltaiieoQg 
K  li-tne.  antl  lieace  the  possi- 
iie  it'ork  <loBe  was  2,330  foot- 
F..  soffictent  to  raise  IiB7 
It'  'be  Ileutgeuerat^i8djs■ 
-  1  i.f  rhe  ("oae.  the  rise  in  t«m- 
.'  I'. 

•  '  nr  '.'raanhu'  W<1  showed  not 
;i>  Lierely  pn:-:js(Hl  together,  and 
■  >  He  ■>n:iiiial  jn'aiQs  between 
■vDennieuts  were  not  performed 
",;ii::  ''>insiiier!<  of  importance. 
:■■•->  !;i»r  rhf  iiir  riae  t«  the  top 
>f-  viieu  the  ^.n^nnlar  lead  is 
:lr^-?*^a^  riuil  sticking  together. 


9  ^inttiiL  :a^>  inortur  uitil  it  went 
i:i  Luiv  ^aijourtetl  to  ti.UOO  atmoe- 
;:  *ue  inunh  wen?  :4mplf  stack 
I  at-ir  -m^uiuLl  Titrm.  The  cyliu 
'H  _:ive  ii*  -iiiins  of  [iiiaeCietion 
■1  ::  ■?  .  .use  mizhi  have  raised  the 
.Older  .uia  .uicimuDy  l~ji  F^  or 


W.  il .  n-iuiiti  'wi  in.Hf,  >u;7I  "inrjiL--  ■»u^  .itikumL  put  chroogh  a 
..•.ir*«\  .iii'i  ^iiiviiKTi'i  11  .1  'i>-swirv  .it'  ■>,  M»  inui«cH>iier«s.  prodncilig 
rutuiiib    ;m  <"tc((.     ii"-   :-tN-iii[ii!y:  ikusw  .h»::^  >aK>dv '>iulken  between 

l-'iinliii;f  t  iiM'lv-is  ro  iiavi-  ';ir;^  ■|iiaiinrii's  of  rlie—tanprvseeil material 
■.'l,vK>nin.'»*\;n'ii"^li"n-  i'  wit^'lrciilnl  roeTpetLrr  -narters  by  potting 
s,%vi>i-iil  -iuUstam-es  atone  lime.  ami  rhu  following  riiUer vnietal  test 

stationary.     K  ff.  nghthanti  pin.  entering  the 

■josed  Oj*  follows: 
itimonj  from  (•■■t  11. 
[.  nhitrlfil  H'Tinil.  nfaT\j  6niag  the  hofe. 

.  trhittlM  ri'ionl.  nearly  tilting  the  bole. 

lite  111"  antiimmy  for  Kut  II. 


limnny,  xolia,  lilli-il  tlii^  liok  F,  .">  iiiihea  long, 
nnliil  I'iili'ilf  IIIU  Ihn  hoIiliT,  r>  iiichi-B  in  length. 
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d  d  were  double-pointed  tacks  stuck  iuto  the  top  of  the  beeswax  and 
paraffin,  and  at  a  and  c  two  old  silver  3-ceut  pieces  were  laid  on  top  of 
the  wax  and  tbe  paraffin  in  the  cylinder. 


.— Diagram  ahovlDK  eiptrimeDt. 


What  are  we  to  expectt  The  silver  pieces  und  tacks  would  fall 
througb  the  liquid  wax  and  paraffin,  and  B  aud  C,  if  liquid,  would  mix. 
Nay,  according  to  Spring's  results,  we  should  expect  to  find  along  the 
bwer  part  of  the  mold  a  seuiicylindrical  piece  of  an  alloy  of  lead,  anti- 
mony, bismuth,  possibly  silver  and  iron,  and  above  this  the  mixture  of 
paraffin  and  wax.  The  actaal  result  was  that  the  substances  all  cams 
outjiut  a«  tkey  went  into  the  press.  There  was  not  the  slightest  trace  of 
a  tendency  to  flow  on  the  part  of  the  metals  j  the  lead  and  antimony  re- 
mained as  they  were,  the  bismuth  acted  precisely  as  did  the  antimony 
in  test  II.  There  was  no  sign  of  fusion  of  the  wax  and  paraffin,  which 
separated  on  their  surface  of  contact  (between  B  and  C)  clear  and  dis- 
tinct a,  c,  d,  and  d  did  not  sink  to  the  bottom — on  the  contrary,  they 
retained  their  original  positions;  and  the  silver  pieces  were  forced 
against  the  top  of  the  cylinder  so  powerfully  that  their  impression  left, 
in  the  steel  holder  was  easily  seen  an<l  felt,  and  the  pieces  were  bent 
cylindrical,  fitting  the  inside  of  the  holder.  Here  we  find  a  much  greater 
rigidity  of  wax  and  paraffin  under  pressure  than  ordinarily  supposed 
possible  under  any  circumstances. 

Nowhere  was  therea  sign  of  true  liquefaction.  The  wax  aud  paraffin 
had  acted  only  as  ^'isGous  solids,  aud  floweil  only  to  till  the  available 
opening. 

lu  a  similar  way  the  following  sabstances  were  subjecbnl  U}  a  prea- 
Hure  of  fi,000  atmospheres,  with  the  results  as  stated : 
Ijodiuiu  ('»r1ioi)at«,  tity. — .Stiiok  ti>j{otlii>r  nliglitly,  ri!«<-iiibling  I'lialk ;  nattily  nit  with 

SodiomHiiljihatt!.— ProbaU]yili>wi>lveil  in  ils  wateriifi^ryHtallizutioaClOHiO):  itwM 
forced  out  between  tLo  halves  of  tlii'  lic)ldRr  an  a  inilky  liqaid  which  aolidifleil. 
The  little  left  in  tii^holdi-r  roscinbled  paraffin  in  uppi'arauL-e,  but  euou  weath- 
ered ton  white  powder. 

Zinc  anlphate  (-fTHjOj. — No  Hipisof  fiiHion;  mrri'ly  sturk  tuK»ther;  thu  origiual 
pieces  of  trystala  easily  visible. 

Copper  Hnlphate  {-|-5HiO).— Sami<  im  r.inc  Haljihatc. 


PoUsBium  chloriile. — Formed  a  hiinl  lump,  \v'lii»ut  frui-tiire  ivseNitiliil  that  ofloaf 

■U)(arorthatof  marble,  with  tlieorifpnal  rryHtals  viniblo;  no  trace  iif€itbftt^lc 
Miom  chloride— Similar  to  putaHHiiiin  rlilnridr iy  ii  little  inori'nmpact. 


^■inKai  onioD  appupnt.  Cir- 
mtBtpiv  ibai  Tbn  rBHiainiiig  doc 
■HTnuj  mtli  hyitiDclilone  acid. 
.  uo  [luioa  »Dd  no  line  ralphide 

■■u  luwitMfi  to  •.Tuntiime  tius 
t}  use  more  ri^d  ste«l. 
— Mn»'>i  It  least'  Lo.UOt)  atDUspbenrj 
^^  :ie<->>m|tnMt4uD»i  tft  rnciw.  Tntiv 
■-•MniLioua  uHVe  '>tieti  nuKle.  aim.-*;  tbe 
• '.iiini  vicli  iiie  -^peviiil  work »f  the 
-  ,uiw'U.ui>wt-v>T.  :hai  thiit  inves- 
.  _.  >.'•.     imcti    "jiiuNe:  till  thai 

.-■■—»         "• .  -i»niij£*  '»  rneito 
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Exceptiug  the  last  four  mibstaoeeti  lueutioiied.our  i-esulbt  Am  diretrily 
opposed  to  those  of  Sprmg,  but  support  the  criticisms  of  Friedel  aud 

JODDCtaZ. 

<;OH0LUSlOH8. 

ConclaBJoDS  at  this  stage  of  the  iuvestigatiou  are  necessarily  prema- 
ture and  tentative;  still  it  may  not  be  out  of  place  to  summarize  the 
results  of  these  and  other  experiments. 

It  seems  estabUshed  that  pressure  aluue  can  not  truly  liquefy  a  solid, 
t.  e.,diminish  its  rigidity.  Consequently,  we  can  scarcely  expect  chem- 
ical and  crystaUine  changes  by  pressure  alone.  Solids  can  be  wade  to 
flow  and  act  in  that  respect,  as  liquids,  by  pressure,  which  overcomes 
the  rigidity  without  diminishing  it.  In  this  case  the  time  allowed  for 
the  motion  is  of  vital  importance. 

Whether  further  investigation  will  alter  these  conclusions  or  not  is  a 
ijuestion  of  timej  at  present,  I  belidve  them  the  only  true  ones  to  be 
drawn  fivm  the  available  focts. 
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THE  SCIENTIFIC  WORK  OF  GEORGE  SIMON  OHM." 


By  Eugene  Lommeu 
TianaUted  liy  Wiu-iam  HalijK!K. 


One  hundred  years  ago,  on  the  16th  of  March,  1789,  George  Simoa 
Ohm  vas  bom  at  Erlangen,  Uis  fiitlier  was  a  lock-smith,  an  iinoBual 
man,  vho  trained  both  his  sods  in  mathematics  as  well  as  his  trade. 
These  gifted  young  men  were  endowed  by  him  with  that  thirst  for 
knowledge  which  led  him  to  devote  Iiia  riper  years  to  mathematical 
Htadies.  Thoyonngei  brother,  Martin  Ohm,  became  distinguished  as 
a  mathematician,  and  died  as  professor  of  mathematics  at  the  military 
school  at  Berlin.  George  Simon  Ohm  climbed  to  the  lofty  position  of 
those  rare  men  whose  names  shine  with  everlasting  glory  in  the  history 
of  science,  which  they  have  enriched  with  their  wonderful  discoveries. 

Only  a  few  of  his  contemporaries  could  fully  appreitiiite  the  nnpre- 
tentioas  scientist,  or  estimate  the  wide  application  of  his  law  of  the  gal- 
vanic carrent,  with  the  discovery  of  which  his  scientific  career  com- 
menced. In  the  beginning  of  the  century  Yolta  hnd  discovered  his 
"pile,"  that  most  marvellous  structure  that  the  keenness  of  the  human 
mind  ever  devised.  From  that  moment  numerouH  physicists  had  been 
ceaselessly  active,  investigating  iu  every  way  the  wonderful  and  mani- 
fold effects  of  the  electric  current  which  that  pile  produced. 

The  decomposition  of  wat^'r  had  been  discovered  in  1800  by  Nichol- 
son and  Carlisle.  Twenty  years  later  tlia  deflection  of  the  magnetic 
needle  was  observed  by  Oersted.  Thenno-eloc^tricity  was  discovered  in 
1821  by  Seebeck;  electro-dynamic  pheimmena,  in  182^,  by  Ampere.  In 
1831  Schweigger  and  Poggendorff  invcntc«l  the  galvaniscope  ("  multi- 
pUcator"),  which  first  rendered  i>ossible  the  accurate  measurement  of 
the  effects  of  the  current.  The  multitndeof  observations  becamemore 
nnmerous  in  proportion  as  more  varied  means  of  investigation  became 
available.  Nevertheless  they  were  not  able  to  lift  the  mysterious  veil 
which  shrouded  the  workings  of  the  galvanic  current.  On  the  con- 
trary, they  seemed  rather  to  increase  the  Babel  of  conflicting  theories. 

We  are  filled  with  strange  sensations,  glancing  to-day  through  the 
itrticles  of  that  time  upon  the  galvanic  current.  We  see  the  most 
eiperienced  investigators  doiibtfully  groping  in  darkness  where  to-day 
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thanks  to  Obiii'ii  discovery,  all  is  to  us  clear  and  evideut.     The  major- 
ity of  the  galvanists  of  the  day  indeed  seemed  contented  in  the  laby- 
rinth in  vhich  they  had  involved  themselves.    They  did  not  seize  the 
thread  of  Ariadne  which  the  sharp-sighted  investigator  seized  at  last. 
These  pioneer  servii-es  of  Ohm  at  tirst  remained  generally  unappreci- 
ated.    Only  indi\idnal  physicists,  like  Poggendorfl'  and  Schweigger, 
Pfaffand  Fechuer,  recognized  their  great  importance,  and  with  saccesii 
in  their  work  used  this  new  enunciation.    It  required  a  foreign  impoltw 
to  win  recognition  in  Germany  for  his  law  of  tin-  intensity  of  the  current 
This  law  is  always  meant  when  "Ohm's  law"  is  referred  to.     I'onillet    : 
establistied  Chin's  law  in  France  by  the  articles  which  lie  pablished  in 
1831  and  1837,  five  and  eleven  years,  respectively,  after  Ohm's  discov-    ■ 
ery.    In  spito  of  this  fact  Pouillet  believed  himself  the  real  discoverer, 
because  he  had  found  it  experimentally.     Pouillet  believed  that  Ohm    I 
had  oiilydednced  it  mathematically  from  certain  hypothetical  premises,    i 
In  France  the  belief  arose  that  Ohm  found  his  law  by  simple  deductton    . 
bawd  u|Hni  an  hypothesis,  and  then  subsetjuently  verified  it  by  experi 
ment.    This  belief  remains  to  the  pi-esent  day  in  spite  of  frequent  con-    I 
trMllctious.     It  is  found  to-day  not  only  in  Fnmch  treatises,  but,ino^ 
inconceivably,  even  iu  widely  used  German  text-books.     It  would  tlios 
appi'ar  by  no  means  snperfinoas  to  set  forth  the  history  of  Uhm's  great 
discovery,  in  its  actual  course  and  based  upon  original  publications. 

Experimental  investigation  strives  to  recognize  a  law  of  nature  by 
attompting  to  establish  the  dependence  of  the  effect  iu  any  natural 
plionouienon  ui>on  its  determining  cause.  Measurements  are  made  in 
iiM  niuny  individual  cases  as  possible.  Tlieu  some  relation  is  sought, 
In  t\w  Hha)io  of  an  equation,  which  shall  express  this  dependence  and 
ri<-|irrt{liic(!  all  the  individnal  cases  as  accurately  as  possible.  In  the 
iilifilfd  of  IhiH  etjuation  mistakes  will  occur  which  can  not  be  immedi- 
itlt'ly  d(!t<icUid.  The  one  taken  may  sufficiently  conform  to  the  availa- 
Iflti  oltiM^i'VUlionH,  which  may  embrace  too  small  a  range  of  the  determin 
liitf  qiiaiil  ily,  and  may  fail  utterly  when  this  range  is  extended.    Then 

II  (iili  not  be  liMikcd  upon  as  the  expression  of  the  law  of  nature  soagbt 
hIiIi'Ii  iiiiixt  cttver  all  cases  without  exception. 

Oliiii  followed  this  experimental  method  when,  in  1825,  he  tried  to 
rolill)liHli  the  law  of  conduction.  He  was  at  that  time  a  teacher  in  tlie 
jrill'lii'  si-hiHd  (gymnasium)  at  Cologne.  The  experiments  made  for  the 
ii\ni\  H  pui'poHe  were  described  in  an  article  entitled  "  Preliminary  notice 

III  Hut  law  Hcconling  to  which  metals  conduct  contact  electricity," 
rti||inigg«i'M  Journal,  1825,  vol.  XLIV.  His  "preliminary  notice  "wa 
I'lii  ((ii«l>.    The  forniulit  which  he  proposed  is  incorrect.    It  is: 
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&ilnn.-  ill  the  too  limited  rauge  of  lii»  expertmeut»  auit  iu  thv  flactaa- 
tioiis  in  tlte  force  of  the  galvanic  battery.  Much  later  the  invention 
of  the  constant  c«n  obviated  these  flnctuations. 

In  the  summer  of  the  same  year,  1825,  and  in  the  same  volume  of 
Sc)iweiggeH»JiE»t(r)(a/,  appears  a  letter  from  Olmi  to  the  editor.  He  says 
ill  wnseciaence  of  more  extended  experiments  he  is  moved  to  replace 
liis  formula  with  a  new  bat  analogous  one.  In  this  the  force  would  only 
vanish  for  x  =  no  . 

Not  long  after  this,  iu  the  spring  of  182(>,  vol.  XLiv  of  Schweigger's 
■Journal  contained  that  wonderftil  pioneer  work  which  contains  the 
experimental  discovery  of  the  law  of  the  iuteusity  of  the  current.  Its 
title  is :  "  Determination  of  tlie  law  according  to  which  metals  conduct 
contact  electricity,  together  with  the  outlines  of  a  theory  of  Volta'B 
apparatus  and  the  Schweigger'a  galvanoseope."  In  the  introduction 
to  this  article  Ohm  expresses  the  hope  that  he  is  in  a  iwsition  to 
propose  what  will  appear  to  be  a  trun  law  of  nature.  First,  on  account 
of  it«  perfect  agreement  with  experiments  extended  in  all  directions; 
second,  and  especially  because  of  its  simplicity  which  extends  it  to  all 
oar  experience  with  the  electric  current.  A  simplicity  such  as  is  only 
Tonnd  in  truth. 

The  "fluctuations  of  force"  had  disturbed  Ohm  greatly  in  his  former 
fxperiments,  Poggendorff  suggested  that  he  should  use  a  thermo-electric 
instead  of  a  hydro-electric  battery.  This  he  did  and  now  the  law  ap- 
peared in  perfect  distinctness  from  his  measurements.  The  inten- 
»i(jf  of  the  current  i»  directly  proportional  to  the  extHUng  force  and 
iitvergely  proportional  to  the  total  resistance.  This  he  represented  in  the 
equation 

'■wherein  X  is  the  intensity  of  the  magnetic  effect  of  the  conductor 
vhose  length  is  x,  a  and  b  represent  constant  quantities  depending 
upon  the  exciting  force,  and  the  resistance  to  conductivity  of  the  other 
l>arts  of  the  circuit. 

In  this  law  he  held  in  his  hand  the  key  to  the  various  riddles  before 
which  physicists  had  hitherto  stood  helpless.  And  indeed  he  knew 
bow  to  use  that  key!  Farther  on  he  says:  "Our  equation  has  now 
mfflciently  established  itself  as  the  accepted  representative  of  nature 
by  the  correctness  with  which  it  always  repeats  the  results  obtained  in 
Kuch  profusion  from  the  thermo-electric  battery.  Let  us  follow  it  far- 
tiier  and  see  what  it  may  still  bold  concealed  iu  its  lap." 

Ohm  then  developed  the  i>eculiaritieB  of  the  galvanic  battery  and 
galvaniscope,  wliich  till  then  had  appeared  so  contused  and  uuintelli- 
ble.  And  we  iu  our  text-books  to-day  follow  his  development.  Bub- 
l)ling  over  with  joy  in  the  feeling  tliat  he  hadbttiield  the  face  of  truth. 
lie  may  well  feel  a  Justiflable  pride.  At  the  i-Ioee  of  that  wonderf^v^l,' 
work  he  exclaims:  "The  thfurics  of  the  battery  andgulvaniscoiMi,  bei'-'' 


250  THE    SCIENTIFIC   WOEK   OF   OEOKOB    SIMON   OHM. 

Hketclied  iu  rough  outline,  arc  establisUed  even  better  by  the  truth  of 
the  law  of  the  conduction  of  the  current  iu  metals  here  set  forth,  than 
they  are  by  the  exi>erin3ent8  themselves  from  which  they  were  derived. 
Effects  of  the  galvanic  current  noparently  the  most  varied  are  reduced 
to  a  striking  simplicity." 

What  Ohm  here  and  in  the  title  calls  "  theory"  is  limited  to  the  iiunie- 
diate  consequences  of  his  law  determined  inductively.  It  has  nothing 
in  method  in  common  with  the  truly  so-called  "  theory"  which  he  pro- 
posed much  later  in  his  famous  work,  "  The  Galvanic  Battery,"  and 
which  he  evolved  deductively  upon  premises  and  partly  hypothetical 
considerations. 

It  is  hence  perfectly  clear  that  Ohm  discovered  his  law  in  the  purely 
empirical  way.  Six  years  later,  October,  1831,  Pouillet  appeared  in 
an  article  on  the  application  of  the  thermal  battery  to  the  det«nnina- 
tion  of  the  law  of  intensities  in  a  constant  current.  What  Pouillet 
believed  himself  the  first  to  do,  had  already  been  done  by  Ohm  in  ihe 
above  article  in  the  most  complete  manner.  Nowhere  in  his  article  is 
there  so  much  as  a  suggestion  of  a  hypothetical  consideration  which 
might  have  infiuenced  him  in  the  choice  of  his  matliematical  ezpressiOD> 
The  fact  above  stated  that  the  formula  first  proposed  was  wrong,  affords 
the  most  striking  proof  that  those  theoretical  considerations  which 
enabled  bim  later  to  deduce  his  law  mathematically,  were  at  that  time 
quit«  remote. 

Ohm's  name  has  been  made  immortal  by  this  typical  experimental 
treatise.  It  contains  the  discovery  of  the  law  of  the  intensity  of  the 
current,  fully  and  completely,  alonir  with  the  most  important  concln- 
sions  to  be  deduced  therefrom.  In  view  of  this  inherent  value  it  is 
undoubtedly  to  be  jirefcrred  to  the  other  most  important  works  of  UkD, 
even  to  that  one  most  famous  of  all  his  writiiifrs,  "  The  Galvanic  Bat- 
tery  Treated  Mathematically,"  which  has  always  held  the  highest  place 
in  public  estimation.  In  that  experimental  investigation  lie  robbed 
nature  of  her  secret  and  announced  that  everlasting  and  immutable 
law  of  iiature  which  will  outlive  till  the  variations  of  theoretical  beliefe. 

A  inind  like  that  of  Ohm,  trained  and  accustomed  matbematicAlIf  b) 
inquire  into  the  causes  of  itheuomena,  must  soon  have  felt  the  need  of 
showing  that  what  be  had  inductively  recognized  was  deductively  a 
necessary  consequent  of  simjile  conceptions  as  to  the  way  in  which 
elei^triclty  apiMjars  at  the  point  of  contact  of  different  substances  and 
disseminates  itself  in  conducting  materials. 

In  the  same  year  1K26  he  published  an  article  entitled :  "Attempt  at 
a  theory  of  the  elcctroscopic  phenomena  produced  by  galvanic  forces." 
He  reports  the  happy  result  of  his  endeavors  in  that  he  not  only  rfrdis- 
uovernl,  in  this  opposite  way,  the  experimentally  determined  lawof 
the  intenHllii-M  of  current,  but  alHo  found  a  setwnd,  no  less  important, 
"omiojilc  Inw  or  law  of  tt'usions. 
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ThiH  vomiDUi I i cation  was  but  tliu  precursor  »(  tliiit  classic  work  ho 
(ivqaently  referred  to:  "The  Galvanic  Battery  Treated  Matliemstic- 
ally.''  This  he  produced  in  the  quiet  of  a  mucb-iieeded  vacation,  and 
pnblished  in  May,  1827. 

Ill  the  introdnetion  to  this  article  be  says  hiH  aim  haa  been  -'to 
dednce  in  connected  sequence  and  from  a  f«w  principles  thoBu  elec- 
trical phenomena  which  are  comprehended  under  the  epithet  galvanic; 
the  purpose  is  accomplisfaed  if  the  variety  of  facts  is  subordinated  to 
the  simplicity  of  comprehension."  Indeed  he  accomplished  his  purpose 
must  completely.  He  e^ttende^l  to  electrical  {conduction  the  ideas  of 
Laplace,  Poissoii,  and  espcciiiUy  Fourier  on  the  conduction  of  heat,  and 
Involved  the  laws  of  the  elei^tric  trurrcnt  with  the  mathematical  means 
which  those  investigators  had  ereateil  for  tbeir  own  puri>oRes.  This 
Ibonghtfnl  theory  of  Ohm  stands  today  unshaken, — a  compactly  con- 
atmcted  whole.  In  order  to  bring  it  into  unison  with  the  present  views 
eoncemiug  electricity  it  is  only  necessary  t^i  remark  that  what  Ohm 
eaUa  '■  eU'ctroscopic  fon^"  or  "tension"  is  nothing  but  electrical 
potential. 

The  Laplace-Poissoa  equation,  which  fonneil  the  basis  of  Ohm's  de- 
dnctions,  shows  indee<l  tliat  in  a  conductor  carrjing  constant  electric 
curreota,  as  well  as  in  one  in  electric  equilibrium,  the  free  electricity  is 
all  distributed  on  the  surface.  Tbe  surface  layer,  however,  in  the  case 
iif  the  currents  shows  a  different  distribution  from  that  in  the  condition 
I  of  equilibrium.  Ohm,  on  the  contrary,  assumed  that  tbe  free  electricity 
was  spread  over  the  whole  croHs-section  of  the  conductor  carrying  the 
rurent.  This  assumption  called  forth  many  contradictions,  because  it 
was  80  foreign  to  the  nature  of  clcctrit^ity.  By  removing  this  contra- 
dictioB  newer  views,  witliout  changing  in  the  least  Ohm's  formula  or 
uonclosions,  have  only  served  to  establish  tbe  theory  all  the  more  firmly. 
The  subsequent  extension  of  his  theory,  by  its  application  to  conductors 
lit  two  and  three  dimensions,  was  an  immediate  generalization  of  liis 
metliod  of  treatment  which  Uhiu  himself  tbresaw ;  also,  the  enunciation 
in  that  well  digested  work  Cf  Ohm's  on  the  nou -const  ant  or  charging 
Mil  discharging  <mrrents,  stands  to-day  in  unchanged  correctness. 

Ah  haK  already  been  emphasized,  tbe  lirst  discovery  of  Oliin's  law  as 
t«  the  intensity  of  current  is  not  coutained  in  that  master  investiga- 
tion. The  law  previously  discovered  and  proven  by  experiment  served 
only  as  the  touchstone  for  the  theory  of  which  it  appeared  to  bo  a 
necessary  consequent.  But  the  brilliancy  of  this  tlieoretical  accom- 
plishment threw  Itis  previous  tedimis  work  of  empirical  tuvestigation  so 
into  tbe  shade  that  it  is  partly  conceivable  how  tbe  belief  arose  that 
Ohm  mathematically  deduced  his  law  from  debatable  hypotheses. 

At  first  Ohm  received  no  recognition  from  even  this  work.  It 
received  no  attention  in  many  circles;  from  many  sides  came  sluirp 
criticism;  from  only  a  few  genuine  approval.     Ilis  hopes  of  bcinj^  able 
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to  follow  ail  BicaAemic  careet'  were  dashed  by  hard  diuapiKiinbiK'nt 
and  he  resigned  his  position  as  teacher  at  the  gymnasium  and  retired, 
discouraged,  to  private  life.  The  craini>ed  position  in  which  he  now 
saw  himself  placed  innst  have  been  depressing  for  bis  spirits.  Still 
this  period  of  six  years  which  elapsed  until  his  appointment  aa  pro- 
fessor of  physics  in  the  p»»lytechuic  school,  at  Nuremberg,  in  1833,  was 
not  entirely  barren  for  science.  In  a  series  of  articles,  published 
mostly  in  Schweigger's  Journal,  he  ftiruisbed  renewed  experimental 
proof  of  the  law  discovere<l  by  him.  We  And  in  these  t«eming  articlea 
the  law  of  the  branching  of  currents  {Schweigger's  Journal,  1827,  voL 
XLix);  observations  on  the  "Unctaationsof  force,"  on  the  poalariztion 
of  electrodes  and  transition  resistance,  beside  methods  for  determining 
galvanie  resistance  and  electromotive  force.  An  article  fWim  this  period 
is  especially  wortbyof  notice  as  a  model  of  exi>erimental  investigation, 
entitled  "  experiments  on  the  more  accurate  comprehension  of  ttni-poliu 
conductors."  In  it  he  entirely  explained,  by  a  complete  series  of  well- 
chosen  experiments,  the  enigmatical  phenomena  of  so-called  uni-polw 
conduction. 

The  above-mentioned  article  of  PoniUet,  in  1837,  and  the  claim  made 
in  connection  with  it,  finally  brought  Ohm's  discovery  to  the  attentioa 
of  physicists  at  home  and  abroad.  Especially  in  England  was  its  far- 
reaching  importance  immediately  recognized.  The  Boyal  Society,  at 
its  annual  meeting  of  November  30, 1841,  conferred  upon  the  unassnm- ' 
ing  German  scientist  the  gold  medal  which  Copley  had  established  a^  i 
a  prize  for  the  most  conspicuous  discovery  in  the  domain  of  exact  inv«s- 1 
tigatioD.  The  medal  was  accompanied  by  a  formal  letter  of  presentA-  \ 
tion,  which  points  out  in  strong  terms  Ohm's  services  to  galvanism,  and  ! 
which  is  no  less  an  honor  to  the  leamsd  society  than  to  the  recipient  of 
the  prize.  Tims  Ohm  received  abroad  the  tardy  recognition  which  bit 
native  land  had  so  long  withheld.  He  gave  touching  expression  to 
his  gratitude  in  the  dedication  of  his  work  "  Contributiona  to  Molecular 
Physics"  to  the  Boyal  Society  of  London,  which  by  its  words  of  ap- 
proval had  given  his  courage  new  strength  for  coutiDued  strife  in  the 
field  of  science,  weakened  as  it  was  by  previous  discouraging  experi- 
ences. 

His  creative  genius,  which  seemed  to  he  fallow  during  the  last  yean, 
awoke  anew.  Soon  he  was  successful  in  a  second  great  veuture,  this 
time  in  the  field  of  acoustics,  (upon  which  he  had  ent«red  in  1839,)  in  a 
"  Note  on  Combination  Toneii,"  In  his  article  "  On  the  Definition  of 
Tone  and  a  Oonsequeut  Theory  of  the  Siren  and  Similar  Tone-Prodncinp 
Apparatus,"  he  established,  in  1843,  the  law  of  acoustics  also  kuown 
by  his  name.  Inasmuch  as  this  law  furnishers  the  clearest  insight  into 
the  hitherto  incomprehensible  nature  of  musical  tones,  it  dominates 
the  acoustics  of  to-day  no  less  completely  tliaii  does  his  law  of  the 
electric  current  dominate  the  science  of  electricity.    This  law  statu 
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that  the  haman  ear  perceives  ODlypendnlam-like  vibration  aH  a  simple 
tone.  Every  other  periodic  motion  it  resolves  into  a  collection  of 
{lendulum-Iike  vibrations  which  it  tlien  hears  in  the  sound  as  a  series 
of  single  tones,  fiindamental  and  overtones.  Ohm  arrived  at  this  law 
f[t]m  mathematical  considerations,  malcing  use  of  Fourier's  series;  for 
iirt  experimental  verification  he  was  compelled  to  use  the  well-calti- 
vitted  ear  of  a  friend,  inasmnch  aa  he  was  himself  entirely  devoid  of 
masical  ear. 

Like  his  law  of  tbe  curreut,  this  law  of  acoustics  received  no  recog- 
nidon  from  his  contemporaries.  It  traK,  in  fact,  opposed  by  Seebecfc, 
one  of  the  most  prominent  investigators  in  that  field,  as  being  au  idea 
too  foreign  to  the  accustomed  method  of  presentation.  This  law  of 
Ohm  was  not  accepted  until  Helmholtz  furnished  tbe  experimental 
means  which  enables  every  even  unskilled  ear  to  resolve  a  sound  into 
ils  simple  partial  tones;  and  eight  years  after  Ohm's  death  completely 
revolationized  acoustics  and  the  theory  of  music  by  that  classic  work, 
"The  Science  of  the  Perception  of  Sound,"  which  is  based  on  Ohm's 
la*. 

In  1827,  wliiie  Ohm  was  writing  the  ap^iendix  to  his  work,  "The 
Oalvanic  Battery,"  certain  ideas  in  regard  to  tbe  ultimate  structure  of 
matter  were  forcnl  upon  him.  "There  ate  properties  of  spa<;e  filling 
matter  which  we  are  accustomed  to  look  upon  as  belonging  to  it. 
There  are  other  properties  which  heretofore  we  were  inclined  to  look 
apou  as  the  visitors  of  matter  which  abide  with  it  from  time  to  time. 
For  these  proi>erties  man  has  thought  out  causes  if  not  foreign,  at 
least  not  innate,  and  they  pass  as  immaterial  and  yet  independent 
thin^  of  nature,  under  the  names  of  light,  heat,  electricity,  etc.  It 
must  be  possible  to  so  conceive  the  structure  of  physiciil  bodies  that 
aloDg  with  the  properties  of  the  tirst  class,  at  the  same  time  and  neces- 
sarily those  of  the  Be(K)nd  shall  be  given."  This  thought  appears  to 
We  been  suggested  by  his  broadly  designed  plan  of  "  Contributions  to 
Molecular  Physics."  The  recognition  of  the  Boyal  Society  gave  him 
new  course  for  the  carrying  out  of  this  work,  but  unfortunately  it 
remains  unfinished.  His  intention  appears  to  have  been,  fntm  certain 
deliniteassumptions  conceruingthc  nature,  form,  size,  and  modeof  action 
of  the  atom,  to  deduce,  by  the  aid  of  analytical  mechanics,  all  tbe  phe- 
nomena above  referred  to.  He  desired  to  create  a  work  that  should  be 
for  the  microcosm  of  the  world  of  atoms,  what  Kewton's  *'  I'rincipia  " 
W  become  for  the  microcosm  of  heiiveuly  space.  Only  the  first  vol- 
ftne  appeared.  It  was  entitled  *'  Elements  of  Analjiiical  Geometry  of 
Space  on  a  System  of  Obhque  ('o-ordinates,"  and  contained  only  the 
niathematical  introductin  to  the  actual  problem.  A  second  volume  was 
tohavecoutained  "the  dynamics  of  the  structures  of  iHtdiea,"  and  a  third 
wdfonrth  to  be. devoted  to  the  physical  investigation  itself. 
Toward  the  end  of  1849,  in  the  mtdst  of  eager  work  upon  hisgrei      , 
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task,  he  was  called  to  Manicb  as  curator  of  the  mathematical  »di1 
physical  collection  of  the  Royal  Academy  of  Sciences,  He  was  also  t« 
be  adviser  of  the  minist«rial  director  of  telegraphs,  and  was  obliged  to 
lecture  on  mat)ieinatic»  and  physics  as  professor  at  the  nDiTereit}-. 
Tims  for  the  man  of  sixty  the  desire  of  his  youth  was  tardily  fulfilled,  too 
tardily  and  hence  scan^ely  to  the  benetit  of  science.  The  manifold  dut4e»< 
of  his  new  sphere  of  activity  prevented  the  completion  of  his  great 
work,  and  robbed  posterity  of  the  legacy  which  Ohm  had  intended  to 
leave  it  from  the  rich  treasures  of  his  thoughts.  However,  it  is  by  do 
means  true  that  this  i>eriod  at  Munich  was  entirely  without  gain  for 
science.  Optics  had  always  been  a  pet  object  of  his  activity.  In  l.-^fl 
in  Poggendorfi's  Annalen,  vol.  XLix,  he  published  a  "  Description  of  some 
simple  and  easily  managc<l  arrangements  for  making  the  experiment 
of  the  interference  of  light."  In  it  he  showed  how  French  interfereuce 
prisms  which  worked  very  well  could  be  made  from  common  platt*  glass; 
indeed,  how  a  simple  strip  from  the  edge  of  a  piece  of  plate  glass  could 
be  used  for  the  purpose.  In  1852  and  ISd^i  in  bis  great  work,  "  Esjila- 
nation  of  all  perceivable  interference  phenomena  of  plates  of  miaxial 
crystals  in  plane- polarized  light,"  he  set  himself  the  task  of  develop- 
ing in  a  moHt  general  way  than  bad  been  done,  the  theory  of  thwe 
phenomena  so  rich  in  form  and  color.  He  arrived  at  a  formnla  of  great 
simplicity  and  beauty,  and  which  covered  all  the  individual  colors,  i 
This  work  has  many  points  in  common  with  one  by  Prof.  Sangberg 
of  Christiania,  published  complete  in  Norwegian  in  1841,  in  the  "Ma- 
gazin  for  Naturvidenskaberne"  (natural  sciences),  and  abstracted  in  lSi2 
in  the  first  extra  volume  [Ergiinzuntjsband)  of  PoggendorfTs  Annalen. 
The  title  of  Sangberg's  work  was,  "Analysis  of  the  isoebromatic  cones 
and  the  interference  phenomena  in  combined  miaxial  crystals."  Ohm 
first  learned  of  this  work  after  the  completion  of  his  own,  which  was, 
however,  by  no  means  rendered  superHuous  by  Sangberg's.  The  plie- 
nomena  of  elliptical  interference  rings  which  bad  led  Olun  to  his  im'e^ 
ligation,  bad  also  been  observed  at  the  same  time  by  Sangberg. 

Among  the  causes  which  prevented  Ohnt  fi'om  continuing  and  com- 
pleting his  molecular  physics  was  the  writing  of  a  texc-book  of  phyxics 
for  his  students.  In  spite  of  the  "  aversion  always  felt  to  working  ont 
a  text-book,"  he  still  felt  impelled  to  the  work  by  having  accepted  the 
l>osition  of  instructor.  He  accomplished  the  speedy  completion  of  this 
thonkughly  original  work  by  lithographing  bis  lectures  as  lat^t  as  ikvj 
were  delivered  and  giving  copies  lo  his  classes.  The  strain  caused  by 
so  quick  an  accomplishment  of  ao  difficult  a  task  had  a  bad  effect  upon 
bis  liealth,  as  he  satlly  ai'knowledgt'S  nt  the  close  of  the  preface  of  his 
textbook  (Kaster,  18."»-1),  One  other  expression  in  the  t«xt  of  the  boot 
dimty  suggests  bis  feeUng  t  bat  bis  strength  was  expended.  As  a  resnlt 
()f  rcpeatc<l  attm^ks  of  epilepsy,  on  .Inly  (i,  18.'»4,  he  yielded  up  that  lift 
which  to  it«  lust  brciith  was  devoted  to  the  search  after 
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We  have  thus  far  striven  to  net  forth  in  hasty  oatliue  what  Ohm  has 
been  to  scieuce,  without  mentiouing  more  of  the  other  cireumstances  of 
his  life  than  were  necessary  to  an  understanding  of  his  scientific  serv- 
ices. This  has  seemed  permissible  because,  on  ttte  one  hand,  Lamont  in 
\&i5  delivered  from  tliia  place  an  address  which  also  covered  tlie  bio- 
^phical  points  of  his  career.  On  the  other  hand,  another  member  of 
oar  academy.  Privy  Councilor  von  Bauernfeind,  a  pupil  and  friend  of 
the  one  immortalized,  in  his  "Memorial  address  on  Ohm,the  physicist," 
has  given  iis  a  complete  presentation  of  the  life  of  bis  teacher,  dravu 
from  reliable  sources  and  fh>m  personal  ac<)naiutauce. 

The  deeds  of  a  scientist  are  his  s<^'ientific  investigations.  Trnth  once 
discovered  does  not  remain  shut  up  in  the  study  or  the  laboratory. 
When  the  moment  comes  it  bursts  its  narrow  bonds  and  joinsthequick 
pulse  of  life.  That  which  has  been  discovered  in  solitude,  in  the 
nnselfish  struggle  for  knowledge,  in  pure  love  of  science,  is  often 
fated  to  be  the  mighty  lever  to  advance  the  culture  of  our  race.  When 
Dearly  a  hundred  years  ago  (ialvaiii  saw  the  frog's  leg  twitch  under 
the  influence  of  two*  metals  touching,  who  c«uld  have  suspected  that 
the  force  of  nature  which  caused  those  twitchings  would  transfer  the 
thoughts  of  man  to  far  distant  lands,  with  lightning's  speed,  onder  the 
the  waters  of  the  oacaa — would  even  render  audible  at  a  distance  the 
sound  of  the  siwken  word  I  That  this  force  of  nature^after  man  by 
ceaseless  investigation  had  learned  to  vastly  increase  its  strength — 
would  illuminate  our  nights  like  the  sun !  This  enormous  development 
of  electro- technology,  which  we  have  followed  with  amazement  in  the 
last  decades,  could  only  be  accomplished  uimii  the  firm  foundation  of 
Ohm's  law.  For  only  he  can  govern  a  force  of  nature  who  has  mastered 
its  law.  Ohm  by  wresting  from  nature  her  long-croucealed  secret  lias 
phiced  the  scepter  of  this  dominion  in  the  hand  of  the  present. 

This  great  service  of  Ohm  and  the  fundamental  im])ortaiice  of  his 
law,  as  well  for  the  science  as  for  the  technology  of  electricity,  are  to-day 
generally  recognized.  In  order  ]iermanently  to  honor  his  memory,  the 
international  congress  of  electricians,  assembled  at  I'aris  in  18S1,  deter- 
mined to  call  "an  ohm"  the  unit  of  resistance  to  conduction,  then  fixed 
and  now  generally  accepted,  after  the  name  of  him  who  intro<luced  this 
important  conception  into  the  science  and  technology  of  electricity. 
Thus  it  happens  that  the  name  of  the  modest  scientist  who  never  strove 
for  show  or  glory  is  to-day  upon  the  lips  of  the  thousands  who  are  busy 
in  our  highly  developed  electro- technical  industries. 

Although  this  ideal  inonnnK'nt  is  the  most  beautiftil  and  the  most 
lasting,  yet  the  duty  of  gratitude  seems  to  urge  that  imsterity,  which 
has  gathered  the  rich  fruit  of  his  industry  as  an  investigator,  should 
also  honor  the  memory  of  the  grent  {ihysicist  with  a  visible  monument. 

This  idea  was  suggested  by  the  haudredth  anniversary  of  Ohm's 
birth,  which  we  are  to-day  tardily  celebrating.     In  order  to  jcarry  '  i 
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JUSTUS  VON  LIEBIG. 
AN  AlITOBIOGRAPHICAI.  SKETCH.- 


TraDHlatvii  froiu  th«  Oeriaaii,  by  Prof.  J.  Cahprri-i.  DROWx.t 


My  father,  who  had  a  co]or  warehouse,  f^equeutly  tK^ciipied  hiiusi^If 
in  making  aome  of  tlie  colors  in  which  he  dealt,  and  for  that  purpose 
had  fitted  ap  for  himself  a  small  laboratory  to  which  I  had  access,  and 
where  I  sometimes  enjoyed  the  privilege  of  helping  him.  He  made  his 
t^xperimentsAs  prescribed  in  works  ni>on  chemistry,  which  were,  with 
ttreat  liberality,  lent  to  the  inhabitants  of  Darm»tadt  flrom  the  rich 
lourt  library. 

The  lively  interest  which  I  took  in  my  father's  labors  naturally  led 
lue  to  read  the  books  which  guided  him  in  his  esperimeots,  and  such  a 
jiaJtHion  for  these  books  was  gradually  developed  in  me  that  I  became 
indifferent  to  every  other  thing  that  ordinarily  attracts  children.   Since 

'Read  at  n  joiut  Tneetiiij^  of  Bocieti«<R  in  the  I'liemical  laboratories,  ITniverilt.T  Col- 
let, Liverpool,  on  Wedoeailay  eveoing,  March  iS.  1891,  by  Prof.  J.  Campbell  RmnD, 
D.  Se.     (Prom  The  Ckemieal  Xeat,  Juoe  5  and  12,  1691 ;  vol.  lxiii,  pp.  265-267  and 

t  [At  the  recent  relebratiun  of  the  Jubilee  of  the  Chemical  Society,  reference  waa 
oiade  to  the  wontlerfnl  energy  and  ability  of  Liebigj  to  the  ^eat  work  which  he 
did  in  fonnding  organic  chemintry,  and  ta  tlie  inuiiense  stimulus  which  be  guve, 
■likein  his  own  country  )tiid  in  F^ngland,  to  scientitic  iiivestigattOD  inpnrecheiniitry 
ud  in  its  applications  to  agriculture,  physiology,  and  pathology. 

Very  opportunely  a  portion  of  iin  autiibingruphioal  sketch  in  Liebig's  own  faund- 
vritiDg  hrfk  jnst  come  to  light,  in  which  he  (^iveu  a  tuoat  interesting  acrxiant  of  the  . 
lamaliou  of  his  habits  of  thought,  and  of  the  devflopmcnt  of  his  scientific  setivity. 
H«  alio  gives  an  amasing  description  of  t)ie  lertiires  given  in  his  student  days  by 
ptofessora  of  the  deductive  method. 

In  his  sixtieth  year,  we  are  told,  Liebig  wrote  Hume  biographical  sketches  which 
vets  laid  aside  and  could  not  be  found  when  hu  wished  to  resnme  them.  They 
"ere  never  finished.  A  portion  of  the  luanust'ript  wus  found  among  some  other 
pspera  in  Lirbig's  handwritinR,  by  his  son,  Dr.  Gcorg  liaron  von  Liebig,  and  has 
b«en  published  by  the  latter  in  the  Dentufhe  Rmidiioltait  for  January,  1X91.  Mr.  K. 
K,  Miispratt  has  been  good  onouKh  tii  len<(  me  a  copy  whlrh  he  received  fixim  his' 
friend,  the  present  baron. 

Ihnveenileavored  to  render  it  into  English  us  literally  as  the  ditferencoin  iho  idiom 
and  DUHles  <if  eipreHsion  in  the  two  languages  will  penuit;  and  it  is  now  made 
pQblic  in  England  by  the  kind  permission  of  the  Dtuliche  BundiehaH. 

Hii  method  of  teaching  and  Its  remarbalile  Buccess  are  worthy  of  attention  at  th'  > 

pnwnt  time,  wh«n  technical  ednoation  U  oconpyingeo  machof  the  publlomWiL^'^' 
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L<i  :.■•(   Mu  '■   -t<-u  ::ie  xjoki^  ftom  the  i-ourl  Ul>rar>- luyself,  I  be<:aine    ; 

.tuituioie*!  "VTTii  -  If  abranau.  Hetts.  wbo  oc<-npied  himsel^sacceitBfally    i 

~-v.     -rt^ii'  .   .au  i.~  ■.:*•  '-mk  ,i  laury  to  the  little  frUow.  1  got,  through    ' 

ui.  , ..     .t:  "•iu^~  1  '-uuiil  ilttHiv  litr  my  i>wii  oite.    Of  course  tUe  read- 

^  .>      .»•«.>■  xvtti   ■  >i   '  iiiiitut  .tiiy  system.     I  reail  the  bookri  jnnt  as 

(-.       .-■.     ■■".1       •■   -iii-ni-.   A-turfiH-r  ttoni  below  Upwards  or  from 

^  ..      ,    ,..  -r^.     .1    ':<- -iiiiMr    '■  lilt-:  my  l4-ye;u'-i>ld  bead  waa  like  an 

•,*i-;vi  ~.<iiu.M.M   "I      tMr  <->>iiifiiu.  .liid  ;iiuuutr;t  tbeui  I  found  Hide  by 

-..it-      ^«i      •-  -...ri.i—     11-    iiirry-rwo  v-i>liuiien  of  Mat-querV  "Chemical 

1  ..■■.. ji*. "      i~"  '    in->iiiiif~    -Tniimiibal  t 'iir  of  Aiitimoiiy,"  StahTs 

■.■■._.—  .'■•     •■  ••i  —  r' .'  -'i'>itsuii<i^>>t' ttwuyHutiil  treatises  in  Gottliiig'fi 

jM  •••  -."-I'  ■•  .1:1  ■•■»!.■  -:u>.  ":n-  works  oi"  Kirwan.  <'avendi^,  eU-. 

1  •■  -...r-  iu>  --ii>  :u;uiiitrr  of  rea«liiig  WOK  of  no  particular  use 
.  .~  .  ..-..:-.i.'i  xat-i  Aiiowl*Hl;r<' is  t«ncenied,  but  it  developed 
'..  X  -<.u';;. .  tLiirii  o  [Mn-uliur  to  chetiiittts  mure  than  to  otber 
-.t>.:-  t.  -11  ■'Mifiif  1-^  "I  'liiiikiut;  in  ttrnm  of  pbenomena;  it  is  notveiy 
.fcv  o  _■ .  ^  .. .  '.-in  litT*  of  ubviionieua  to  anyone  who  can  not  recall  id 
■.-  .  1..^  ■■.i.:tu  ,1  ■ipuijl  'ii.iun?  of  what  he  sees  and  bc*irs. — like  the 
-It..  •!  ].'  -<.  '1' •  \uuM'i<--  M<K>>t  >'lu»ely  akin  is  the  peealiar  jtower 
,     '.      ',,>.t  .t>i.  to>-  -t'lili-  >-oui|NMint:  thiuk-H  in  toues  which  are  M 

i-.!    'I     ivts   i^  the  logically  arranged  cooceptious  in  a 

..,.v...^-..    I  -til'---    1  L..ii.  liiMoii-i,    Tliere  is  ill  the  chemist  a  form  of 
...„„  ..      1    •  iiii  ■■-Vi  ■•n-n>  <tttomr  visible  to  the  mind  as  the  strainsof 

, _  ■'Ml   ■itx  ■  1    lUMi'.     nu>i'i>niiof  thought  is  developed  in  Fara- 

.„ .     1  ,  .V      ,,...  ^   ^li,!*^-.  «Uem-e  it  arises  llial  to  one  who  is  not  ac- 
......   .1..  '>L  'I    -'.^  ii(<ii>>>i  oi  rliinkiu;;.  his  scieatitic  works  seem  barren 

..n>  ■.:  '■    '"i    ■""  ■>    *  -^rn-i  of  researches  stmiig  tog^her.  while  his 
■.,„  ..i>«..'«i^  Mil.  11  iiv  tciH-hes  or  explains  is  jntellectnal. elegant, and 

■J    Mx.ii^'Klli  .  n-.Miics;-. 

<  >K    .Kxiit  '■'  :luitktu;:  in  phenumena  can  only  be  voltivsted  if  the 

■ii.tix   'I 'Oilman I L\  ii-aiiie«i.  and  this  wan  etTectefl  in  my  case  by  my  cn- 

,a-..^>>.'IIk  lo  ;K'iuii-tii,  .'«>  far  as  my  means  would  allow  me,  all  the  ex- 

iK>-tt»it>-^^  «lUK?*'  ilcj^-Hption  I  read  in  the  books.    Tbe»c  ni^ns  were 

44,1    iio.nil,  Mwi  ht'ui-e  it  an>se  that,  iu  order  to  satisfy  my  iiu-lination, 

I  '.'■4,t.i<l  Ni(t  It  •.-vix'i'iiuetits  as  I  was  able  to  m»ke,acouutleSNnu]nber 

,.i    ui<*»*ii""'  '  lA-A-*"*!  tosee  anything  new  in  the  process,  or  till  I 

■  uvA   '.lt*'t*'u>;hl\    tf^ery  as|>et-t  of  the  pheuoinenon  which  presented 

,.,      tUv  ii'ti'i't'l  tvii.-ittiuence  of  this  was  the   development  of  a 

that  is  to  say  of  the  sight,  a  clear  perception  of 

liltereuces  of  things  or  of  pbeuomeoa,  which  atter- 

ihI  stead. 

«trstand  this  if  one  imagines,  for  instance,  a  white 
«  hii'li  is  produced  by  niixing  two  liquids;  it  is 
<  ^v  alter  some  time,  it  is  cloudy  or  of  a  cniily  or 
>aiuly  or  cr^'slidline.  dull  or  bright',  it  deposits 
itr  if  it  is  colui-ci)  it  has  a  certain  tint.    Anioug 

L:,y,l,.euL7G00J^Ic 
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the  cotintleas  vhite  precipitates  each  bus  sometliiiig  i>ecu]iiu-  to  itself; 
and  when  one  has  experience  in  this  sort  of  appearances,  whatever  oue 
sees  daring  an  inTeBtigation  at  ouce  awakens  the  remembrance  of  what 
one  has  seen.  The  following  example  will  make  clear  what  I  mean  by 
sight  or  eye  memory.  During  our  joint  research  on  anc  acid,  Wohler 
one  day  sent  me  a  cryHtalline  body  which  he  had  obtained  by  the  action 
of  peroxide  of  lead  n^mu  this  acid.  I  immediately  thereui>on  wrote  to 
him  with  great  joy,  and,  withont  having  analyzed  the  body,  that  it  was 
allantoin.  Seven  years  before  I  had  had  this  body  in  my  hands;  it  had 
been  sent  to  me  by  C.  Gmelin  for  investigation,  and  I  bad  published 
■u  analysis  of  it  in  PoggendorfTs  Annal^i;  since  that  time  I  had  not 
seen  it  again.  Bat  when  we  had  analyzed  the  substance  obtained  from 
uric  acid  there  appeared  a  difference  in  the  amount  of  carbon,  the  new 
body  gave  1}  percent  carbon  less,  and  since  the  nitrogen  had  been 
determined  by  the  qoalitative  method  a  corresponding  quantity  (4  per 
c«Dt)of  nitrogen  more;  consequently  it  conldnot  itossiblybeallautoin. 
However,  I  trusted  my  eye  memory  more  than  my  analysis,  and  was 
quite  sure  that  it  was  allantoin,  and  the  thing  now  Ut  be  done  was  to 
find  the  remains  of  the  substance  previously  analyzed  in  order  to 
analyze  it  afresh.  1  could  describe  the  little  glass  in  which  it  was  with 
Kuch  precision  that  my  assistant  at  last  succeededin  picking  it  out  from 
amongst  a  couple  of  thousand  other  preparations.  It  looked  exactly 
like  our  now  body,  except  that  examination  under  the  lens  sbowetl  that 
Gmehn,  in  tbe  preparation  of  his  allantoin,  had  purified  it  with  animal 
charcoal,  some  of  which  having  passed  through  the  paper  in  tbe  filtra- 
tion  had  become  mixed  with  the  crystals. 

Without  the  complete  conviction  which  I  had  that  the  two  bodies 
were  identical,  the  allantoin  produced  artifltiially  firom  uric  acid  would 
nndoubtedly  have  been  regarded  as  a  new  body,  and  would  have  been 
detignated  by  a  new  name,  and  one  of  the  most  interesting  relations 
of  nric  acid  to  one  of  tbe  constituents  of  the  urine  of  the  ftrtus  of 
the  cow  would  perhaps  have  remained  for  a  long  time  unobserved. 

In  this  manner  it  came  to  pass  that  everything  1  saw  remained  inten- 
tionally or  nnintentionally  fixed  in  my  memory  with  equal  photographic 
Meli^.  At  'a  neighboring  soap  boiler's  I  saw  the  process  of  boiling 
soap,  and  learned  what  "  ciird  soap"  and  "  fitting  "  are,  and  how  white 
8oap  is  made ;  and  I  had  no  little  pleasure  when  I  succeeded  in  showing 
a  piece  of  soap  of  my  own  making,  jierfumed  with  oil  of  turpentine. 
In  the  workshop  of  the  tttnner  and  dyer,  the  smith  and  brass  founder, 
I  was  at  home  and  ready  to  do  any  band's  turn. 

In  the  market  at  Darmstadt  I  watched  how  a  imripatetic  dealer  in 
odds  and  ends  made  fulminatingsilverforhis  pea  crackers.  I  observed 
fte  red  vapors  which  were  formed  when  he  dissolved  his  silver,  and 
that  he  added  to  it  nitric  acid;  and  then  a  liquid  which  smelled  of 
brandy,  and  with  which  he  cleaned  dirty  coat  collars  for  the  i>eople. 

With  this  bent  of  mind  it  is  easy  to  understand  that  my  positioli'^  Ic 
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m-lum\  wait  vi-ry  de|ilocable;  1  had  uo  ear  memory,  tiiid  retained nothinf 
4ir  v*Ty  littlH  of  what  is  Iciirned  tbrougli  this  sense;  I  found  myself  ia 
Uk'  iriuHl  uii(-onifr>rtable  ponitiou  in  which  a  boy  toald  i>o8sibly  be; 
IsutuuaKi'M  and  cverythiog  that  is  acquired  by  their  means,  that  eudh 
lirabui  and  lionor  in  the  school  wore  out  of  my  reach;  and  when  th« 
vitiinruble  rector  of  the  gynmasimn  (Zimmermann),  on  one  o<xasioii  of 
)jU  i^Kumiiiation  of  my  class,  came  to  me  and  made  a  most  cnttiog 
rttiiioiiHtrunce  with  me  for  my  want  of  diligence,  how  I  was  the  plagne 
uf  iriy  ttwhcrs  and  the  sorrow  of  my  parents,  and  what  did  I  think 
watt  lo  biKMinie  of  me,  and  when  I  answered  him  that  I  woold  be  a 
dteiiiiitt,  the  whfile  school  and  the  good  old  man  himself  broke  into  an 
iini'oiitrollnblo  fit  of  laughter,  for  no  one  at  the  time  had  any  idea  that 
itlii-iiiiiitry  was  a  thing  that  could  be  studied. 

Klnce  the  ordinary  career  of  a  gymnasium  student  was  not  open  to 
me,  riiy  father  ttiok  nie  to  anaiHithecaryatHeppeDhcim,  in  the  Hewiui 
llfrnHtrasse;  but  at  the  end  of  t«'n  months  he  was  so  tired  of  me  that 
h(i  Kent  me  home  aunin  to  my  father.  I  wished  to  be  a  chemist,  bot 
lint  a  druggist.  The  ten  months  sutticeit  to  make  nic  completely 
iH'i|Uuli)le<l  iilikr  with  the  use  and  the  manifold  applications  of  tbr 
lluniHimd  and  one  ditl'ereut  things  which  are  found  in  a  drngfiiBt's 
Hhop. 

la<tt  Ui  mystOf  iu  tlii.4  way,  without  advitx^  and  direction,  I  romplett^l 
my  Hixl^«eiilh  year,  and  my  i>ersisteut  im|>ortunity  at  last  indnced  iii,v 
llithor  ti>  givo  nie  |H>rmi»sioQ  to  go  to  the  I'nivcrsity  of  Bonn;  wlieur*' 
I  followed  to  Krhingen  the  ]ti-ofe»sor  of  chemistry,  Kastner,  who  hail 
been  I'BlhHi  to  the  Uaviu-iau  I'liiversity.  There  arose  at  that  time  at 
the  uewly-establisliwl  I'liiversity  of  Ilonn  nu  extraordinary  quickening 
of  leientifiv  life:  but  the  degenerate  pliihisophieal  methods  of  investi 
gatiou.  as  they  had  been  emb<Mlied  in  Okeu.  and  still  worse  inWil- 
bnind,  b:Ml  a  m<kat  |)emieious  intlueni-e  on  the  branches  of  natm^l 
wienw,  t»ir  it  ba<l  Iwl  alike  in  le»-tore  and  in  stodj-  to  a  want  of  ^re 
riatMD  of  ex|ieriment  and  of  uuprejudi<-etl  olksen-ation  of  nat^ire,  which 
was  minoos  to  many  taleuttnl  young  men. 

Fruni  the  pnkfessiomtl  rhair  th<-  pupil  n^-eimi  an  abundance  of 
iugeuMHis  fiiQlemplatiou.-t;  but.  iHMlUess  a^  tbey  were,  uothing  conhl  'm' 
made  ul'  them. 

The  lectures  «f  KaMuer.  who  was  (iiu>ideivd  a  mo«<l  eminent  chem 
jst,  wew  without  onler.  ilh^ieal.  aoit  arranged  just  like  the  jumble  of 
kiiowle^Ipp  whioh  I  earriett  alkoaii  in  my  b«^M).  The  relations  which  be 
^^^se«^e^e»^  l>etw»vu  phenomena  were  somewhat  after  the  following 
|taltera: 

"The  iuttttem-i-  of  i)ie  ni»»ti  up»ii  tiie  rain  is  tlew.  for  atc sdmi  wtbe 
HMMMi  IS  \isitile  the  ihunder-storm  »vj,^es,- or -■  the  inflnenre  <rf  "^ 
stiuV  wiMi  nater  is  sh,>w«  by  the  ris**  .^  the  water  in  the  shafts  o( 
HKtaK  whiil)  raw  n.>t  be  worketl  ir.  the  height  of  Bummer." 

^  UtMu  «beu  the  thouderstunu  i&  dispelled,  uxl  that 
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Ibe  water  risea  in  the  miue  when  tlie  brooks  whicU  drive  the  puiu)m 
drj'  op  in  snmmer,  wan,  of  course,  to«  blunt  an  explanation  for  a  clever 
Iwrtnre. 

It  was  tlien  a  very  wretched  time  for  vlieiniKtry  in  (lerinany.  At  wost 
of  the  nniverBities  there  was  no  special  chair  for  chemistry;  it  was  gen- 
erally banded  over  to  the  professor  of  medicine,  who  tanght  it,  as  much 
18  be  knew  of  it,  and  tliat  was  little  enough,  along  with  the  branches 
of  tosicology,  pharmacology,  materia  medica,  practical  medicine,  and 
pharmacy. 

Many  years  after  this  in  (Heasen,  descriptive  and  comparative  anat- 
omy, physiology,  zoology,  natural  history,  and  l»ot«n.v  were  in  one 
single  hand. 

While  the  labors  of  the  great  Sweetish  ehemi'it,  the  Knglish  and 
French  natural  philosophers,  Uuuiphry  Davy,  Wollaston,Biot,  Arago, 
Presnel,  Tbenard,  and  Dulong  opene<l  up  entirely  new  sphere''  of  inves- 
tipttion,  all  these  inestimable  acquisitions  found  no  soil  in  <lermauy 
where  they  <-oultl  bear  frntt.  fjong  years  of  war  ha4l  undermined  the 
well-being  of  the  people,  and  external  political  pressure  had  brought 
in  its  train  the  desolation  of  onr  universities,  filled  men  with  painful 
anxiety  for  many  years,  and  turned  their  desires  and  their  strength  in 
other  directions.  The  national  spirit  had  assert^^d  its  freedom  and 
iiKlepeDdeu4-e  in  ideal  spheres,  and  by  the  destruction  of  belief  in 
anthority  had  brought  rich  blessings  in  many  ways, — tiir  example,  in 
medicine  and  philosophy;  only  in  physiology  it  had  bn>ken  through 
its  natural  limits  and  wandered  far  beyond  4^si>eriencc. 

The  goal  of  science  and  the  fact  that  it  has  value  only  when  it  is  use- 
fill  to  life  hail  almost  dropped  out  of  sight,  and  men  amuseil  themselves 
ID  an  ideal  world  which  had  n»  connection  with  the  real  one.  It  was 
oinsidered  an  almost  debasing  sentiment,  and  one  unworthy  of  an  edu- 
cated j>erson,  to  believe  that  in  the  iKHlyof  a  living  being  the  crude  and 
volgar  inorganic  forces  played  any  part.  Life  and  all  its  manifesta- 
tions  and  con<litions  were  i>erfe4-tly  clear.  Natural  phenomena  were 
rfothed  in  l>ewitchingly  lovely  dn-ss,  cut  out  and  fitt«l  by  clever  men, 
and  this  was  called  philosophical  investigation.  Hxi>erimental  instruc- 
tion in  chemistry  was  all  but  extinct  at  the  urdversities,  and  only  the 
highly-edncateil  pharmacists,  Klapn>th,  Hermbstadt,  Valentin  Rose, 
Trnmrnsdorir,  and  Knchholz  hatl  themselves  preserved  it,  but  in  another 
•l«partmeut. 

I  remember  at  a  much  later  period.  Prof.  VVurzer,  who  held  the  chair 
ff  Rhemietry  at  Marburg,  showing  me  a  wooden  table  drawer,  which 
Uil  the  property  of  producing  »]uickailver  every  three  months.  He 
posHeased  an  apparatus  which  mainly  consisted  of  a  long  clay  pi[>e 
«t«a,  with  which  he  converted  oxygen  into  nitrogen  by  making  the 
porous  pipe  stem  red  hot  in  charcoal,  and  passing  oxygeu  through  it. 


Ohemical  laboratories,  in  which  instruction  in  chemical  a^aly^ 
imparted,  existeil  nowhere  at  that  time.     What  passed  by  that' 


VOgIc 


262  jusTTTs  voir  liebio. 

were  n»>re  like  kitebeiitt  ttllml  with  uJI  sorts  of  t'nniaces  a 

the  <'^uTyint;  oat  of  metullurjnutU  or  pharma<-eiitical  proresaH,.    So  om 

renlly  iindemtuiHl  how  to  teucb  it. 

1  afttrwanlK  tolloweil  Ktwitiitfr  to  Hrlani^n,  where  he  had  ptnMWil 
tnaiialfZH:  mtnie  miner.Us  with  me;  but  itnlort a i lately  he  did  not  hia 
Melt'  know  how  (o  <lo  it.  »ail  h*<  never  cturieil  oot  a  Kingle  aaalpH 
with  me. 

The  beaettt  which  I  ^aiaetl  through  intert'ourse  with  other  stndenti 
dnrtog  my  sojouru  in  Bonn  and  Erhin^n  was  the  diacoverr  at  af 
i^nrance  in  very  mauy  Hubjei-ts  which  tbey  brought  with  tbem  fna 
srhoikl  to  the  iiniTereity,  and  siiK-e  I  got  nothing  to  do  in  chemistrj  1 
laid  oat  all  my  energies  to  make  up  for  my  previoasly  neglected  ncbool 
!4tadies. 

(a  Bonn  and  Eilrlangen  ituiall  immben*  of  stmleuts  joiaed  with  meia 
a  chemico-phyairul  uniuu,  in  which  every  member  in  turn  had  to  read  a 
[>aper  on  the  qamtioa  of  the  day,  which,  of  course,  couKisted  merely  in 
a  report  on  the  sabjects  of  the  e.s.<«aya  which  appeared  monthly  Id  Gil- 
bert's AHnalat  and  Scliweigger'H  Jiiitmul. 

In  Erlangen,  Schelting's  lectures  attracted  me  for  a  time,  bat  Sebctl- 
ing  ponaessed  no  thorough  kuowledge  i»  the  provini'e  of  natural  science, 
and  the  dressing  up  of  natural  phenomena  with  analogies  and  inimagn. 
which  was  called  expoattioii,  did  not  suit  me. 

f  returned  to  Darmstadt  fully  persuadetl  that  1  could  not  attain  my 
ends  in  Germany. 

Tbe  dissertations  of  Berzelius — that  is  to  say,  the  better  translatira 
of  his  handbook,  which  had  a  large  circnladon  at  that  time — were  u 
springs  in  the  desert, 

HitHcherlich,  H.  Bose,  Withler,  and  Magnus  had  then  repaired  to  Btr- 
zelins,  in  Stockholm ;  but  Paris  oifered  me  means  of  instruction  in  many 
other  branches  of  natural  science,  as,  for  instance,  physics,  such  as  conld 
be  found  united  in  no  other  place.  I  uiu«le  up  my  mind  to  go  to  Pans. 
I  was  then  seventeen  and  a-hulf  years  ohl.  My  journey  to  Paris,  the  way 
-  in  which  I  came  in  contact  with  Thenard,  Humbohlt. 
"^Mjsy-Lussac,  and  how  the  boy  found  favor  in  the  sight 
rdera  on  the  fabulous,  and  would  be  out  of  place  here, 
frequently  been  my  experience  that  markeil  taleut 
nen,  I  believe  I  may  R;ty  without  exception,  an  irre- 
o  bring  about  its  development.  Each  helps  in  hisovn 
ither  as  if  they  were  acting  in  concert;  but  talent  only 
if  it  is  united  with  a  tirm  indomitable  will.  External 
development  are  in  most  cases  very  much  less  than 
men  themselves;  for  jnst  as  no  one  of  the  forces  of 
mighty  it  may  be,  ever  produces  an  effect  by  itsdf 
only  in  conjunction  with  other  forces,  so  a  man  can 
le  that  which  he  learns  without  troublei  or  acquired 
ill  as    we   say,  he  has  a  natural  gift,  if  he  learns 
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■u»iiy  other  tliinfrtt  in  nddiliim,  wliicli  i>erha]i8  iviRt  Iiim  iiinrn  tmiiblo 
t4»  iMMinirr,  than  Hiey  owt  other  people, 

LiCSHing  naya  th»t  talent  realty  ia  will  and  work,  and  I  am  verj'iuucb 
inclined  to  agree  with  him. 

The  lectures  of  Qay-Lusaac,  Thenard,  Diilong,  etc,  in  the  Sorbonne, 
had.  for  me  an  indescribable  charm;  the  introdnction  of  astronomical  or 
mathematical  method  into  chemistry,  wluch  changes  every  problem  when 
possible  into  an  eqoation,  and  assumes  in  every  nniformso^iiienceof  two 
pbenomena  a  quite  certain  connection  of  caoHe  and  eSel^t,  which,  after 
it  has  been  searched  for  and  discoveretl,  is  called  "  explanation "  or 
'*  theory ,"  had  led  the  French  chemists  and  physicists  to  their  great 
discoveries.  This  kind  of  "theory"  or  "explanation"  was  as  good  as 
unknown  in  Germany,  for  by  these  expressions  was  understood  not 
aomething  "  experienced,"  but  always  something  which  man  must  odd 
OD,  and  which  be  fabricates. 

French  exposition  has,  through  the  genius  of  the  language,  a  logical 
irleamess  in  the  treatment  of  siuentific  subjects  very  diflieult  of  attain- 
ment in  other  languages,  whereby  Thenard  and  Gay-Lussac  acquired 
a  mastery  in  experimental  demonstration.  The  lecture  consisted  of  a 
jndiciously  arrangetl  succession  of  phenomena, — that  is  to  say,  of  experi- 
mentn,  whose  connection  was  completed  by  oral  explanations.  The 
experiments  were  a  real  delight  to  me,  for  they  spoke  to  me  in  a  lan- 
guage 1  understood,  and  they  united  with  the  lecture  in  giving  delinite 
connection  to  the  mass  of  shapeless  facts  which  lay  niixetl  up  in  my 
head  without  order  or  arrangement.  The  an ti  phlogistic  or  French 
chemistry  had,  it  is  true,  brought  the  history  of  iihemistry  l>efore  Lavoi- 
sier to  the  guillotine;  but  one  observed  that  the  knife  only  fell  on  the 
shadow,  and  I  wan  mu<:h  more  familiar  with  the  phlogistic  writings  of 
Cavendish,  Watt,  Priestly,  Kirwan,  Black,  Scbeele,  and  Bergmann, 
than  with  the  anti-phlogistic;  and  what  was  represented  in  the  Paris 
lectures  as  new  and  original  facts  appeared  to  me  to  be  in  the  closest 
relation  to  previous  £u;ts,  so  much  so,  indeed,  that  when  the  latter  were 
imagined  away  the  others  conld  not  be. 

I  recognized  or  (more  correctly  perhaps),  the  consciousness  dawned 
npon  me,  that  a  connection  in  accordance  with  fixed  laws  exists  not 
only  between  two  or  three,  but  between  all  chemical  pheiioineuain  the 
mi uera I,  vegetable,  and  animal  kingdoms;  that  no  one  stamU  alone, 
but  each  being  always  linked  with  another,  and  this  again  with  another, 
and  so  on,  all  are  connected  with  each  other,  and  that  the  genesis  and 
disappearance  of  things  is  an  undnlat^uy  motion  in  an  orbit. 

What  impressed  me  most  in  the  French  k^itures  was  their  intrinsic 
troth,  and  the  careful  avoidance  of  all  pretense  iu  the  explanations ;  it 
was  the  most  complete  contrast  to  the  Germivn  lectures,  iu  which  the 
Thole  scientific  teaching  Imd  lost  its  solid  construction  through  the 
pnpondwance  of  the  deductive  method. 
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Ad  accideotal  occmreuce  drew  A.  von  Hamtwldt's  attention  to  nieJD 
Paris,  and  tlie  iaterest  wbich  he  took  in  me  indaced  Oay-Lnssac  to  com- 
plete in  conjunctioD  with  me  a  piece  of  work  which  I  had  began. 

Id  tliis  manner  I  had  the  good  fortune  to  enjoy  the  closest  iater- 
course  with  the  great  natural  philosopher;  he  worked  with  me  as  be 
bad  formerly  worked  with  Thenard;  and  I  can  well  say  that  the  foon- 
ilatioD  of  all  my  later  work  and  of  my  whole  course  was  laid  in  his  lab- 
oratory ill  the  arsenal. 

I  returned  to  Germany,  where,  through  the  school  of  Berzelios,  H. 
Rose,  Mitscherllcfa,  Magnus,  aud  Wohler,  a  great  revolutiou  in  iuor- 
gaoio  chemistry  had  already  commenced.  Through  the  support  of  von 
Humboldt's  warm  recommendation,  an  extraordinary  professorship  of 
chemistry  at  Giessen  was  conferred  upon  me  in  my  twenty-first  yen*. 

My  career  in  Giessen  commenced  in  May,  1824.  lalways  recall  with 
pleasarethe  twenty -eight  years  which  I  si>ent  there;  it  was  as  if  Prov- 
idence hud  led  me  to  the  little  university.  At  a  larger  nniverstty,  or 
in  a  larger  place,  my  energies  would  have  been  divided  and  dissipated, 
and  it  would  have  been  much  more  ditBcult,  and  perhaps  im[>osaible, 
to  reach  the  goal  at  which  I  aimed,  but  at  Giessen  everything  was  ccHi- 
oentrated  in  work,  and  in  this  I  took  passionate  pleasure. 

The  need  for  an  institution  in  which  the  students  could  be  instructed 
in  the  art  of  chemistry,  by  which  I  mean  familiarity  with  chemical  ana- 
tyticnl  o)>erations,  and  skill  in  the  use  of  apparatus,  was  then  being  felt; 
and  lieitce  it  hnpitencd  that  on  the  opening  of  my  laboratory  for  teat^b- 
iiig  analytical  chemistry  and  the  methods  of  chemical  research,  students 
by  degrees  streamed  to  it  from  all  sides.  As  the  numbers  increased  1 
had  the  greatest  difficulty  with  the  practical  teachings  itself.  In  order 
to  teach  a  large  number  at  one  time  it  was  necessary  to  have  a  system- 
atic plan,  or  st«>p  by  step  method,  which  had  first  to  be  thought  out 
and  put  to  the  proof. 

The  manuals  which  several  of  my  pupils  have  published  later  {Fres- 
enius  and  Will)  contain  essentially,  with  little  deviation,  the  course   ■ 
which  wa^s  followed  at  Giessen;  it  is  now  familiar  in  almost  every  labor- 
atory. 

The  production  of  chemical  preparations  va't  an  object  to  which  I 
pitiil  very  particol  ar  attention ;  it  is  very  much  more  important  than  is 
nsnally  believe<I,  aud  one  can  more  freqaently  flud  men  who  can  mske 
very  gomi  analyses  than  such  as  are  in  a  position  to  produce  a  pare 
preparation  in  the  most  judicious  way.  The  formation  of  a  preparation 
is  an  art,  antl  at  the  same  time  a  qualitative  analysis,  and  there  is  no 
other  wity  of  making  one's  self  acquainted  with  the  varions  chemii^I 
pn»perties  of  a  IxHly  than  by  first  producing  it  out  of  the  raw  material 
and  then  otmvertiug  it  into  it.<«  nnmerons  compounds  and  ao  becoming 
an(UHinted  with  them. 

Ity  ordinary  analysis  one  does  not  learn  by  experience  what  an 
inipurtaut  uhmiis  of  seiutrMlion  cr>-staUi>»tion  is  inskillfiil  bands;  and 
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jast  as  little  the  value  of  an  acquaiutaace  with  the  pecuIiaritiCH  of  dif- 
fereut  solvents.  Consider  only  an  extract  of  a  plant  or  of  flesh  which 
contains  half  a  dozen  crystalline  bodies  in  very  small  quantities  embed  - 
dtMl  in  extraneous  matter,  which  almost  entirely  masks  the  properties 
of  tbe  others;  and  yet,  in  this  magma,  we  can  recognize  by  means  of 
cbeioieal  reactions  the  peculiarities  of  every  single  body  in  the  mixed 
mass,  and  learn  to  distinguish  what  is  a  product  of  decomposition  and 
vhat  is  not,  in  order  to  be  able  to  separate  them  afterwards  by  means 
which  will  exert  no  decomposing  inflneoce.  Au  example  of  the  great 
difficulty  of  finding  the  right  way  in  such  researches  in  afforded  by  the 
analysis  of  bile  by  Berzelios.  Of  all  tbe  numerous  snbstances  which 
be  has  described  as  its  constituents  no  one  is,  properly  speaking,  eoii- 
utined  in  tbe  uataral  bile. 

An  extremely  short  time  had  been  sufficient  for  tbe  famous  pupils  of 
tbe  Swedish  master  to  give  a  wonderful  degree  of  perfection  to  miners 
analysis  which  depends  on  an  accurate  knowledge  of  the  properties  of 
inorganic  bodies;  their  compounds  and  their  behavior  to  each  other 
were  studied  in  all  directions  by  the  Swedish  school  with  a  keenness 
>liiite  unn;:)ual  previously  and  even  now  unsurpassed.  Physical  chem- 
istry, which  investigates  the  uniform  relations  between  physical  prop- 
erties and  chemical  composition,  had  already  gained  a  Qrm  foundation 
by  tbe  discoveries  of  Gay-Lnssac  and  von  Humboldt,  on  the  combining 
proportions  of  bodies  in  the  gaseous  state,  and  those  of  Mitscherlich, 
nn  the  relations  between  crystalline  form  and  chemical  composition; 
auil  in  chemical  proportions  the  structure  appeared  to  have  received  its 
enping-stones  and  to  stand  forth  complete«l.  All  that  foreign  countries 
bad  acquired  in  bygone  times  in  the  way  of  discoveries  now  yielded 
rich  fVnit  also  in  Germany. 

Organic  chemistry — or  what  is  now  called  organic  chemistry — ^hadthen 
no  existence.  It  is  true  that  Theuard  and  Gay-Lusaac,  Berzelius, 
Front,  and  Dobereiner  had  alreiuly  laid  the  foundations  of  organic 
analysis,  but  even  the  great  investigations  of  Chevreut  upon  the  fatty 
bodies  excited  but  little  attention  for  many  years.  Inorganic  chemistry 
demanded  too  much  attention,  and,  in  fact,  monopolized  the  best  ener- 
gies. 

The  bent  which  I  acquired  in  Paris  was  in  a  (|uite  difl'erent  direction. 
Through  the  work  which  Gay-Lussac  had  done  with  me  upon  tulmi- 
Hating  silver  I  was  faiailiar  with  organic  analysis,  and  I  very  soon  »aw 
that  all  progress  in  organic  chemistry  depended  essentially  u[ton  its 
Binipliflcation ;  for  in  this  branch  of  4^heinistry  one  has  to  do  not 
vitti  different  elements  which  <-an  be  recognized  by  their  peculiar  prop- 
erties, but  always  with  the  same  elements  whose  relative  pmportions 
anil  arrangement  determine  the  propertieH  of  organic  compound.s. 

In  organic  chemistry  an  analysis  i-s  ne<^essary  to  do  that  for  which  a 
reaction  suffices  in  inorganic  chemistry. 
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Th(«  HrKt  yeiir8  of  my  vare<^r  iu  (iiessen  I  devot«d  nlmoHt  exclasively 
tu  tliti  improvement  of  the  iitethods  of  orgatii*^  »iialyaia,  and  the  imine- 
(lititi>>reflnlt  WHS  that  tbere  beg»D  at  tbi»  little  imiversity  an  activity 
wliicli  liml  never  before  been  seen. 

For  tUe  ttolution  of  itinamorabie  qaestiooa  connected  with  plants  and 
animals,  on  their  coiiBtitnents,  and  on  the  reactions  accompanying  tbeir 
transformation  in  the  organism,  a  kindly  fate  brooght  together  the  moat 
talented  ynnng  men  from  atl  the  countries  of  Europe,  and  any  one  can 
imagine  what  an  abundance  of  facts  and  experieooes  1  gfuned  from  so 
many  thousands  of  ex))eriments  and  analyses,  which  were  carried  oat 
every  yotir,  and  for  so  many  years,  by  twenty  and  more  indefatigable  and 
akillefl  young  i-hemii<t8. 

At^tunl  teaching  in  the  laboratory,  of  which  practiced  assistants  took 
t^harge,  was  only  for  the  beginners;  the  progress  of  my  special  studenu 
4le|»eocltMl  on  themselves.  I  gave  the  task  and  sapervised  the  carrying 
M\t  of  it,  as  the  riwlii  of  n  circle  have  all  their  common  c«nter.  There 
was  no  a<-tuiil  instriictiDn ;  I  r»'cei\-e4l  from  each  individual  every  morn- 
ing a  rejtort  upon  what  he  hiMl  done  on  the  previoos  day,  a3  well  as  his 
vifws  on  what  he  was  engaged  npon.  I  approved  or  made  my  criti- 
fisnis.  Kvery  one  was  obliged  to  follow  his  own  course.  Id  the  asiw- 
<-iatton  and  constant  intercourse  with  each  other,  and  by  each  partid- 
IMtting  in  the  work  of  all,  every  one  learned  from  the  others.  Twice  i 
week,  in  winter,  I  gave  a  eurt  uf  review  of  the  most  important  questions 
ul'  tJie  ilay ;  it  was  mainly  a  reiwrt  on  my  own  and  their  work  combiueal 
with  the  researches  of  other  chemiste. 

We  worked  from  break  of  day  till  nightfall.  Dissipadons  and  amnse- 
nients  were  not  tu  be  had  at  liiessen.  The  only  complaint,  which  was 
cttutiunalty  retieated,  wtts  thiit  i>f  the  attendant  ( Aabel),  who  coald  not 
gel  (he  wt>rkers  out  of  the  laboratory'  in  the  eveniug.  when  he  wanted 
to  clean  it. 

The  reutfmbram-e  of  this  Ntthnirn  at  <iies:$^u  awakened  in  most  of  my 
IHipils,  us  I  have  frv*|neully  heartl.  an  agreeable  ^eiise  of  sali.sfactiui 
tor  well  K|ieut  tiu>e. 

I  hatl  (he  ^rVMt  jroual  lurluue.  Irom  the  eoaDmeBcCBmt  of  my  career 
at  tiie«;iien,  to  gain  a  frieitd  of  similar  tastes  ami  similar  aims,  with 
wboui.  aller  so  luauy  years,  I  aai  still  knit  in  the  bunds  of  warwst 
MllW-tiiui. 

While  in  me  the  pretloininatinc  inchuattoD  was  (o  9c«k  out  the  points 
i>f  reswmbtant-e  Lit  the  b«^vii>r  of  btnlies  or  their  co^mmmIs,  be  pM- 
:;v<««ed  au  unpaTAUeled  ^ulty  ttf  pen-etviu^  tiietr differeneeK.  A  i^ea- 
aMtw^uf  ubservatiou  was  eoitibineU  iu  hiiu  with  aa  artistic  d«xterity> 
ximI  au  iu^utv>u:>tte^^  iu  dist-t>vertu^  new  meaos  and  methods  of  TMMrrii 
•»  auah^is  siK'h  as  Ivw  men  (lossess. 

leat-hievt^uieiil  of  our  J>'tut  work  apw«  arte  acid  anal  oil  of  letter 
*ids  hAs  freiiuenrly  lieeu  pruned:  it  was  his  work.  I  iraa  aot^mffi- 
llyhi^bdv  estimate cheiMivauEagewiik'h  Ctiea:3SM-L*tMBwitk  WoUet 
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broaglit  to  me  iii  tbe  attaiiioieiit  of  my  owii  an  well  as  our  uiutual  aiiuti, 
for  by  that  attsociation  were  uoited  tbe  pecnliaritiet*  of  two  schools — 
Ihe  good  tbat  was  in  each  became  efTec-tive  by  co-operation.  With- 
ont  envy  and  witbont  jealousy,  hand  in  hand,  we  pursued  our  way; 
when  the  one  needed  help,  the  other  wan  ready.  £Some  idea  of  this 
relationship  may  be  obtained  if  1  mention  that  many  of  our  smaller  ■ 
pieces  of  work  which  bear  our  joint  names  were  done  by  one  aloDe; 
they  were  charming  little  gifts  which  one  preuentAil  to  the  other. 

After  sixteen  years  of  the  most  laborious  activity  I  collected  the 
reaolts  gained,  so  &r  as  they  related  to  plants  and  aiiimaltt,  in  my 
"Chemistry  Applied  to  Agriculture  and  Physiology,"  two  years  later 
iu  Diy  "Animal  Chemistry,"  and  the  researches  made  in  other  directioDs 
in  my  '*  Chemical  Letters."  The  last-mentioned  was  generally  received 
as  a  popular  work,  which,  to  those  who  stndy  it  more  closely,  it  really 
is  not,  or  was  not  at  the  time  when  it  appeared. 

Mistakes  were  made,  not  in  the  facts,  but  in  the  dednctious  about 
organic  reactions;  we  were  the  first  pioneers  iu  unknown  regions,  and 
Ihe  difficulties  in  the  way  of  keeping  on  the  right  path  were  sometimes 
iusnperable. 

Now,  when  the  paths  of  research  are  beat«n  roads,  it  is  a  much  easier 
matter;  but  all  the  wonderful  discoveries  which  re<«nt  times  have 
bronght  forth  were  then  our  own  dreams,  whose  realization  we  surely 
and  vithoat  doubt  anticipated. 


Here  the  muiiiBcript  ends,  and  It  Is  to  be  hoped  that  more  of  it  will  ;et  b«  fonnd. 

Livbig's  reference  to  Wiihler  is  very  tniichiDg,  and  shows  a  side  of  bis  i:liarauter 
■hich  at]  luH  pujiilH  knew  w»U;  the;  tellmauf  genini  storied  illiistratin^  hia  iinBHir. 
iaimem  and  kinduesR  of  heart.  Oue  coiilil  have  wished  that  he  bad  not  coiinideTed 
■lip  nCorivs  "  bordering  on  the  fabulous,"  of  how  be  "  found  favor  in  the  sinht  of 
Humboldt,  Gay- Luseac,  and  Theuard,  out  of  plure  here."  They  would  have  been 
fv  from  out  of  plaiie.  Mr.  Maspratt  supplies  one  of  these  storieH  as  be  beard  it 
Frau  Liebig's  own  lips,  in  the  Mlinich  Laboratory,  as  follows : 

[liebig  fi^quently  spoke,  in  most  grateful  terms,  of  the  kind  manner 
in  which  h&— a  youth  barely  eighteen — was  received  by  Gay-Lussat-, 
Theiianl,  and  other  eminent  chemists,  in  Paris. 

In  the  summer  of  1823  he  gave  an  account  of  his  analysis  of  fulmi- 
niittiig  .tilver  before  tlie  Academy.  Kaviiig  ftuiahed  his  paper,  as  he  was 
lAukingup  his  prepanitions,  a  gentleman  came  up  to  him  and  ques- 
tioned him  as  to  his  studies  and  future  plaus,  and  after  a  mostexact- 
">8  examination,  ended  by  asking  him  to  dinner  on  the  following  Snn- 
^J-  Liebig  accepted  the  invitation,  but,  throngb  nervousness  and 
M«>fti8ion,  forgot  to  ask  the  name  and  address  of  his  interviewer.  Sun- 
^y  came,  and  poor  Liebig  was  in  despair  at  not  being  able  to  keep  his 
^ogi^ment.  i 

The  next  day  a  friend  came  to  him,  and  said,  "  What  on  earth'  '^''^ 
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you  mean  by  not  comiug  to  diue  witli  von  Humboldt  yesterday,  who 
had  invited  Gay-Lussac  and  other  chemiBts  to  meet  youl"  "I  was 
thunderstruck,"  said  Liebig,  "  and  ruttbed  off,  as  fast  aa  I  could  mn,  to 
von  Humboldt's  lodgings,  and  made  the  beat  excuses  I  conld."  The 
great  traveller,  satisfied  with  the  explanation,  told  him  it  was  anfoitn- 
'  nate,  as  he  bad  several  members  of  the  Academy  at  his  house  to  meet 
him,  but  thought  he  could  make  it  all  right  if  he  would  come  to  dinner 
next  Sunday.  He  went,  an<l  there  made  the  acquaintance  of  Gay- 
Lussac,  wbo  was  so  struck  with  the  genius  and  enthusiasm  of  the  youth 
that  be  took  him  into  his  private  laboratory,  and  continued,  in  conjiii)c> 
tion  with  him,  the  investigation  of  the  Eliminating  compounds. 
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DIVERGENT  EVOLUTION  THROUGH  OUMULATIVE  SEGRE- 
GATION.' 


By  Rev.  Joun  Thomas  Gulick. 


TNTHADUCTION. 


id  terrestrial  mollasks,  my  stteiitioD 
lat  wide  diversity  <»f  allied  species 
le  island  and  in  districts  which  pre- 
sent. As  my  obserrations  extended 
d  with  the  improbahility  that  these 
differences  in  the  euvironmeut.  It 
lal  selection  bad  no  influence;  but, 
^elligeuee  possessed  by  the  creatures, 
1  aud  coloring  of  the  shells  should  be 

was  therefore  led  ta  search  for  some 
nation,  the  diversity  of  whose  action 

nature  external  to  the  organism. 
e  must  be  some  such  principle,  nut 
argence  under  uniform  activities  in 
at  the  degrees  of  divergence  between 
leasored  by  the  number  of  miles  by 
I  the  fiict  that  this  correspoudeuce 
I  the  ratios  of  divergence  is  not  per. 
r  the  crest  of  the  island  into  a  region 
,  and  still  further  in  the  fact  that  the 
1  by  the  species  of  any  group  varies, 
ccording  as  the  habits  of  the  group 
ration.  I  perceived  that  these  facts 
ing  that  there  is  some  cause  of  diver- 
iiau  differences  in  natiiri^  ext*'riiul  to 
ice  of  this  cause  wiis  rouglily  mcas- 
paration. 

[(repared  two  puiiers,  in  which  these 
.    One  of  these,  entitled  '*  The  Vju-i- 
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atum  of  Species  aa  Kelatod  to  their  G«ograpbival  Distribution,  illiu- 
trated  by  the  AvhiitiuelliD^,*'  was  pablished  in  yature  for  July  18, 1872; 
the  other,  eutitled  ■■  Diversity  of  EvoUition  under  One  Set  «f  Extflrnal 
Conditions,"  ufter  being  read  before  the  British  Association  for  the 
Advant-emeut  of  Scieui-e  in  August,  1S72,  wan,  thnmgh  the  kiodnees 
of  Mr,  Alfi-ed  WulLice.  brought  before  the  Liiniean  Society,  and  was 
Uiially  pubhshed  in  the  Linnean  Siieietg's  Jonmal,  Zoology,  vol.  XI.  pp. 
41NUHO. 

Id  ttiv  former  paper  I  used  the  folloviug  words  iu  calling  attention 
U*  the  iuipoMsihility  uf  explaining  the  origin  and  distribution  of  tliew 
ftiniiit  by  natural  (ielectiou:  "Whether  we  eall  the  different  forms 
H|MH-it<K  or  varieties,  the  same  questions  are  suggested  as  to  how  they 
have  arisen  aiid  as  to  how  they  have  been  distributed  in  their  several 
hN-aliticM,  lu  au^wering  these  <inef tions,  we  find  it  difficult  to  point  to 
tuiyof  thtMe  at'tive  causes  uf  accumnlated  variation,  (dassed  by  Darwb 
HM  nuluitkl  M'le^-tioD.  -  -  -  There  is  no  reason  to  doubt  that  some 
varii>ti(v«  Ivsn  tttte«l  to  survive  have  disappeare*! ;  but  it  does  not  fol- 
hiw  thut  the  'survival  of  the  tittest'  (those  best  fitted  when  compared 
with  thost^  d.vkig  iii-ematurrfy.  but  equally  fitted  when  compared  with 
ctt<'h  i>therl  i.s  the  <leterminiug  cause  which  has  led  to  these  three 
s)KH'ie>*  iK-in^seiMU-atetl  troiu  each  other  in  adjoining  valleys.  The'sMt- 
fiivt »/  Ihffittevt'atill  'f(irc«  a  prvbtrm  nmermiHg  the diatribviion  o/Vum 
itfUuUg  titud.  It  can  not  lie  shown  that  the 'survival  of  the  fittest' ia 
a(  viiriaucc  with  the  surviv^iU  under  one  set  of  external  circamstances, 
of  varieties  difiering  more  and  morv  widely  from  each  other  in  each 
siiiiH«ssive  generation.  The  ease  of  the  species  under  consideration 
d(M'»  ntit  seem  to  be  one  in  which  dtff^rem-e  of  environment  has  been 
the  iH'casion  of  different  forms  being  preserved  in  the  different  locali- 
ties. It  is  rather  one  in  which  %-arieties  resulting  from  some  other 
rause.  tl»iugh  eijually  fitted  to  survive  in  each  of  the  localities,  have 
iHH'n  distributed  according  to  their  affinities  iu  separate  localities." 

hi  llic  latter  [taper  i  raisal  the  following  ({uestions  concerning  nat- 

timl  selection.     "The  terms  'natural  selection' and  'survival  of  the 

lUlont '    -     .     -     imply  that  there  are  variations  that  may  be  accnuin- 

htted    att'ording  to   the  differing    demands    of    external  conditioDS. 

VV  ti»i   then,  in  the  effe«:t  of  these  variations  when  the  external  condi- 

me!    <>T  can  it  be  shown  that  there  is  no  change  id 

not  the  result  of  change  iu   external  conditions^ 

lion  of  change  in  the  organism  is  through  change  in 

-     -     -     rf(Wj»  the  rluingr  expend  itnelf  in  producing 

it  one  ntnr  jtpecies  completely  fitted  to  the  conditions, 

•om  one  atock  many  that  arr  rqnaliy  fitted  f"  {p.  497). 

ijuestions  T  called  "  attention  to  the  variation  and 

tstrial  moHusks,  more  especially  tiiose  found  on  the 

'  and  gave  what  seemed  to  m©  strong  reasons  for 

e  evolution  of  theve  different  fomu  can  not  he  attr^ 
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uted  to  differenoe  in  their  external  eonditiaiu,  -  -  •  If  ve  woald 
acconnt  for  tbe  difference  and  the  limited  distribntioD  of  these  allied 
forms  CD  tiie  hypothesia  of  evolution  from  ooe  original  species,  it  !xems 
to  me  neoeaaafy  to  guppoae  two  conditiowt,  separation  and  variation.  I 
regard  separation  as  s  condition  of  the  species  and  not  of  sarromidiug 
nature,  becanse  it  is  a  state  of  division  in  tbe  stock  which  does  not 
nfcessarity  imply  any  ejeternal  barriers,  or  even  the  occupation  of  separate 
districts.  This  may  be  illustrated  by  the  separation  between  the  castes  of 
India,  or  between  different  genera  oceupying  the  same  tocality.  -  ■  - 
We  mnst  sappose  that  they  [the  diverging  forms]  must  possesH  an  in- 
herent tendency  to  variation  so  strong  that  all  that  is  necessary  to  secure 
a  divergence  of  types  in  the  descendants  of  one  stxwk  is  to  prevent,  through 
a  series  of  goiieratious,  their  intermingling  with  each  other  to  any  great 
degree"  (pp.  498,499).  I  also  called  attention  to  the  fact  that  some 
forms  of  natoral  selection  must  " prevent  variation  and  give  a  wider 
diffosion  to  forms  that  would  otherwise  be  limited  in  their  i-auge  and 
variable  in  their  type.  Natural  selection  is  as  efBcieat  in  producing 
permanence  of  type  in  some  cases  as  in  accelerating  variation  in  other 
cases"  (p.  504).  On  page  499  1  pointed  out  the  law  that  "the  are* 
occupied  by  any  species  must  vary  directly  as  its  iwwer  and  opiwrtunity 
for  migration,  and  inversely  as  its  i)ower  of  [divergentj  variation." 
And  on  page  505  I  gave  a  brief  summary  of  my  reasons  for  believing 
that  "  separation  aithout  a  difference  of  external  circumstances  is  a  con- 
dition sufficient  to  ensure    ■    -    -    divergence  in  type." 

Subsequent  investigation  has  led  to  the  development  of  my  theory, 
with  a  fuller  discussion  of >  tbe  causes  and  laws  that  are  revealed  in 
these  phenomena.  In  an  article  published  in  The  Chrysanthemum 
(Yokohama  and  London,  Triibner  &  Oa),  January,  1833, 1  state  my 
belief  "  that  the  quality,  the  diversity,  and  the  rapidity  of  the  varia- 
tion depend  chiefly  upon  the  nature  of  the  organism^  and  that  while 
the  nature  of  the  external  conditions  has  power  to  winnow  out  what- 
ever forms  are  least  fitted  to  survive,  there  mil  usually  remain  a  number 
of  varieties  equally  fitted  to  survivcf  and  that  through  the  taw  of  segre- 
•ntion  constantly  operating  in  species  distributed  over  considerable 
itreas,  Utese  varieties  continue  to  diverge  both  in  form  and  in  habits  till 
separate  species  are  fiilly  established,  though  the  conditions  are  the 
same  throughout  the  whole  area  occupied  by  the  diverging  forms." 
The  conclusion  reached  was  that  "  The  theory  that  diversity  of  neu- 
ral selection  is,  like  variation,  an  essential  factor  in  producing  diversity 
cf  species,  is  untenable.  On  the  contrary,  we  find  that  diversity  of 
natural  selectioQ  is  not  necessary  to  diversity  of  evolution,  nor  oni- 
fonnity  of  natural  selection  to  uniformity  of  evolution;  but  while 
wriation  and  separation  are  the  essential  factors  in  div^sity,  and  inter- 
crosung  and  unity  of  descent  tbe  essential  agents  in  uuiformity  of 
"^Ktfm,  natural  selection  may  be  an  important  ally  on  either  side." 
in  mt  article  on  "  Evolution  in  the  Organic  World,"  publisheA^^'^' 
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The  Chineae  Becorder  (ShaDghai),  Jnly,  ISHo,  I  nae  the  fbUowiitg  ba- 
guagf:  "  We  «ee_what  nataral  sdection  can  not  explain  by  conBdMiBf 
the  nature  of  the  prooetis.  The  survival  of  the  fittest  resolte  in  Uk 
oepdrate  breedlog  of  the  fittest,  aud  therefore  in  the  increasing  fit&ns 
of  KucceMive  Keoeratious  of  aorvivors;  but  hot  caH  it  atxwtut  fur  Ut 
dirinion  of  the  turrivort  of  one  ttock,  occupying  one  country,  into  form 
differing  mitre  and  nutre  widely  frtnn  each  other  t  To  explain  wut^arrvA 
tte  miuitfind  »ome  other  law.  I  am  prepared  to  «ko»  tkM  there  it  nrk  ■ 
law  ariising  out  of  the  rcry  nature  of  organic  activitiea,  a  iax  oftegrtft 
tion,  bringing  together  thoM  nimilarly  endowed  and  separating  them  fnm 
thotte  differently  endowed," 

Without  variation  there  van  be  no  segregate  breeding;  and  vith- 
out  negref^ate  breeding  aud  heredity  there  can  be  no  accumolatioo  rf 
divergent  variatjons  resulting  in  the  formation  of  races  and  species. 
In  producing  divergent  evolution  the  canses  of  variation  and  heredity 
are  therefore  as  Important  as  the  causes  of  segregate  breeding;  ud 
though  J  pass  them  by  in  my  prenent  discussion,  I  trust  it  will  not  be 
attributed  to  an  nnder-estimate  of  their  importance.  Thoagh  I  do  mt 
stop  to  discuss  the  causes  of  variation,  my  reasoning  rests  on  tbe 
observed  fact  that  in  every  deparment  of  the  organic  world  variatiM 
Is  found,  and  that  in  the  vast  minority  of  cases,  if  not  absolately  in  ^^ 
the  dlveraitieM  to  which  any  freely  inter-generating  gronp  of  organiwns 
]h  subject  follow  the  general  law  of  "  frequency  of  deviation  from  mb 
average."  As  this  is  a  law  according  to  which  half  of  the  members  of 
the  iatcr-generating  group  arc  above  aud  half  below  the  average  in  rela^ 
tion  to  any  character,  there  must  often  occir  simultaneous  variationof 
aeveritl  individuals  in  some  chitracterwhich  tends  to  prodnce  aegrepatf 
breeding.  The  reality  and  importance  of  this  law  is  not  at  all  depeod- 
ont  <ni  the  reiility  of  auy  of  the  theories  of  heredity  and  variation  tba( 
are  now  being  diwusspd.  Whatever  inny  be  the  causes  that  produce 
variation,  wlicthcr  thoy  dt'iwnd  entirely  upon  changes  in  external  con- 
tUtlous  or  aro  i-hietty  due  to  changing  activities  in  the  organism  and 
tlic  lie««litnry  offectj*  of  acijuired  char  waters,  or  are  (as  Weismanu  main- 
tains) tlio  direct  rt«Mult  of  8t>xual  repi-oduction  which  never  transmiie 
aui)uirei)oliantrteFs — in  any  and  every  case  this  law  of  deviation  ft^ni 
nil  average  it>miiins  undisturlHHl  and  is  n?cogni/,ed  as  an  important  ftr- 
tor  iu  tho  pit'seut  |«»pi'r.  It  therefort*  can  not  be  urged  that  the  thto'}' 
hoht  advanced  )M.HUint<a  simultaneous  viu-iation  without  any  ground  fo^ 
making  such  an  assumption ;  nor  can  it  l>e  said  that  it  rests  on  tlie 
Inei'ctUldc  aiiMUuiption  that  cliaut-e  variation  of  very  rare  kinds  will  iw 
Ht  one  tiuit'  ami  phuH>  aud  will  represent  ttoth  sexes, 
^ler  ttrst  disi-uastnl  what  ho  calls  •■  The  law  of  the  mip"' 
isiua."  iu  a  iMiper  i-ea«l  before  the  Koyal  Academy  "^ 
iDioh.  iu  March,  liJtiS;  but  my  attention  was  not  c«li<'' 
the  reading  of  my  paper  before  the  British  AssodatJon 
ra.    In  a  fullw  paper  eatitlfld  '>  The  Darwinian  Thwc; 
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tnd  the  haw  of  the  Migration  of  OrgauiBmB,"  an  EngliBh  translation 
if  vhich  was  publisbed  by  Edward  Stanford  (London,  1873),  the  satne 
tnthor  maintains  that  *'  the  constant  tendency  of  individaats  to  wander 
h>B)  the  station  of  their  species  is  absolutely  necessary  for  the  forma- 
ion  of  races  and  species"  (p.  4).  "The  migratiun  of  organisms  and 
iieir  colonization  are,  according  to  my  conviction,  a  necessary  con- 
lition  of  natural  selection "  (p.  5).  On  pages  66  and  67  he  expandK 
ie  same  statement,  and  objects  to  Darwin's  view  "  that  on  many  large 
Tacts  all  iadinduals  of  the  same  species  have  become  gradually 
changed."  Again,  be  contends  that  "  transformation  is  everywhere 
mi  always  dependent  on  isolation  in  order  to  have  lasting  effect. 
Withont  separation  from  the  home  of  the  species,  this  wonderfal 
capacity  would  be  completely  nentraHzed"  (p.  74).  "Natural  selection 
isnotiu  itself  an  nnconditional  necessity,  bnt  is  dei>cndent  on  migra- 
tioD  and  geographical  isolation  during  a  long  perioil,  together  with 
altered  conditions  of  life"  (p.  57).  "  Where  there  is  no  migration,  that 
k,  where  no  isolated  colony  is  founded,  natural  Helection  can  not  take 
place"  (p.  59). 

A  comparison  of  his  paper  with  my  two  papers  published  in  1872, 
already  referred  to,  will  show  several  fundamental  differences  in  the 
two  theories.    He  maintains  that — 

(1)  The  separation  of  a  few  individuals  from  the  rest  of  the  species  is 
absolutely  necessary  for  the  operation  of  natural  selection,  and  there- 
fore Cor  any  transformation  of  the  species,  no  matter  how  great  the 
<:l>ange  of  conditions  may  be  in  the  original  home  of  the  species. 

(2)  Migration  and  geographical  barriers  are  the  only  effectual 
caoMes,  Independent  of  human  action,  by  which  a  few  individuals  can 
be  separated  from  the  rest  of  the  species,  and  are  therefore  necessary 
t"  the  trausfotmation  of  species. 

(3)  Exposure  to  a  new  ferm  of  natural  selection  is  a  necessary  con- 
dition for  any  transformation  of  a  species. 

{i)  Difference  of  external  conditions  is  necessary  to  difference  of 
natural  selection,  and  therefore  necessary  to  any  transformation  of 
aiiecics. 

(5)  Geographical  isolation  and  altered  conditions  of  life  are  necessary 
conditions  for  natural  selection,  as  that  is  for  the  modification  of  spe- 
dee. 

(0)  The  separation  of  which  he  siteaks  is  the  entering  of  a  few  indi- 
ndaals  into  a  new  territory,  where  the  conditions  are  different  from 
tboRe  iu  the  old  habitat,  and  where  thebody  of  the  species  &il  of  reach- 
'iig  them. 

My  chief  p«i»ition»  were  the  following,  iu  stntng  contrast  with  the  fore- 
going— 

(1)  Separate  generation  is  n  necessary  condition  for  divergent  evola- 
tioo,  but  not  for  the  transformation  of  all  the  survivors  of  a  species  in 
oneway.  L:,y,i,.euL7Gooylc 

H.  Mis.  334,  pt.  1 18 
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(2)  "  Separation  does  not  necessarily  imply  any  external  barrierSj  or 
even  the  occupation  of  sc[>arate  districts." 

(3)  Diversity  of  natnral  selection  is  not  neceasary  to  diversity  of 
evolution. 

(4)  Difference  of  [external  conditions  is  not  necensary  t«i  diversity  of 
evolntioii. 

(5)  "  Separation  and  variation,"  that  is,  variation  not  overwbelniwl 
by  crossing,  "  is  ail  that  is  necessary  to  secure  a  divergence  of  typesin 
the  descendants  of  one  stock,"  tliongli  extcrniit  conditions  remain  tlK 
same,  and  thoagh  the  separation  is  other  than  geological. 

(C)  The  separation  of  which  I  speak  is  anything,  in  the  si>ecie8  or  in 
the  environment,  that  divides  the  species  into  two  or  more  sections 
that  do  not  freely  inter-cross,  whether  the  different  sections  remain  in 
the  original  home  or  enter  new  and  dissimilar  environments. 

Thongh  these  propositions  were  very  briefly  and  imperfectly  pre- 
sented, I  am  not  aware  that  any  better  statement  of  the  facts  of  segre- 
gation had  been  previously  publi.shed. 
The  present  paper  is  the  result  of  a  long-continaed  endeavor  to  un- 
lieh  this  fa<:tor  stands  to  natural  selection 
ooperate  in  producing  divergentevolation; 
*n  done  under  the  great  disadvautsige  of 
ries  and  from  other  workersinsimilarlines, 
mething  towards  the  elucidation  of  thesab- 
Dry  I  have  been  unable  to  make  any  use  of 
:7.  Wagner's  paper,  as  they  seem  t«  me  verj- 
om  the  facts  of  nature.  The  two  theories 
liey  discuss  the  relation  of  separation  to  the 
rhile  the  explanations  given  of  the  nature, 
ition  widely  differ.  1  am  informed  that  my 
ution  under  one  set  of  external  conditions 
:edin  Germany;  but  whether  it  had  any 
'B  theory  I  have  not  the  meaus  of  knowing, 
d  thiit  the  principle  of  segregate  breeding, 
snch  imiwrtaiice  in  the  evolution  of  specif 
ration  propounded  by  Spencer  in  his  "First 
sideration  of  the  conditions  that  have  been 
velopmeiit  of  divergent  races  of  domestw 
discovered  segregate  breeding  as  a  iiecw 
evolution,  and  by  direct  observation  on  the 
aimals  under  natural  conditions  I  havedis 
tionas  a  constant  result  from  certain  fonw 
when  dealing  with  a  complex  environment, 
ieasnre  that  I  observe  that  a  law  of  very  simi^ 
f  a  wholly  different  method  from  the  gene™ 
in  the  physical  world.  It  sliould,  however, 
references  made  to  the  subject  io  Spencert 
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"Principles  of  Biology"*  it  is  assumed  tliat  "  increasingly  definite  dis- 
tinctions among  variations  are  produced  wherever  thereoccnr  defioitely- 
difttinguished  sets  of  conditions  to  whicli  the  varieties  are  respectively 
Mubject,"  and  oiily  where  these  occur;  for  "  Vital  actions  remain  con- 
stant so  long  as  the  external  actions  to  which  they  correspond  remain 
constant;  and  no  reference  is  suiywhere  made  t<>  the  principletfaat  what- 
ever causes  sexual  Be{>aration  between  dissimilar  members  of  one  family, 
ra«^  or  species  tends  not  only  to  perpetuate,  but  to  increase  their  dis- 
similarity in  the  succeeding  generations.  The  view  maintained  in  the 
following  paper  is  I  believe  in  better  accord  with  the  fundamental  prin- 
ciple that  "Unlike  units  of  an  aggregate  are  8ort«<l  into  their  kinds  and 
parted  when  uniformly  subject  to  the  same  iucitlent  forces,''f  as  is  also 
tie  teaching  of  Spencer's  "Principles  of  Biology,"  in  one  passage;  for  I 
have  recently  discovered  that  in>a  sinsle  paragraph  of  this  work  it  is 
maintained  that  while  exposed  to  the  »ame  external  conditions,  the 
members  of  the  same  species  may  l»e  increasingly  dilt'erentiated,  "  until 
at  length  the  ilivergence  of  constitutions  and  modes  of  life  become  gresit 
t^oongb  to  lead  to  segregation  of  the  varieties.''^  If  the  segregation  had 
been  introduced  as  a  necessary  condition  without  which  the  divergence 
of  families  and  ra^^es  conld  not  take  place,  the  position  taken  in  this 
paragraph  would  have  been  essentially  the  same  as  the  one  I  have 
adopted.  In  the  next  sectimi,  however,  he  abandons  the  position,  using 
the  following  words:  "  Through  the  process  ot  diQ'erentiation  and  inte- 
gration, which  of  necessity  brings  together,  or  keeps  together,  like  indi- 
viduals, and  separates  unbkeones  Irom  them,  (Aere  must  nevertheless 
be  maialained  a  tolerably  uniform  species,  so  long  as  there  continues  a 
tolerably  uniform  set  of  conditions  in  which  it  mag  exist.  [The  italics  are 
mine.] 

I  trust  my  endeavor  to  contribute  something  toward  the  development 
of  the  theory  of  divergent  evolution  will  not  be  attributed  to  any  lack 
of  ap]tre4*iation  of  what  has  already  been  accomplished.  The  pro- 
poanders  of  a  doctrine  which  has  profoundly  influenced  every  depart- 
ment of  modern  thought  need  no  praise  froninie;  but  as  their  theory  is 
confessedly  incomplete,  and  as  one  of  the  leaders  in  the  movement  has 
called  attention  to  the  need  of  a  re-discussion  of  the  fundamental  factors 
of  evolution,  1  offer  my  suggestions  and  amendments  after  prolonged 
aud  careful  study. 

PHYSIO  LI  WIICAL  KKLE<;TlnN   AND  }!I-;<tKE<iATE  FBCUNIJITY. 

The  abstract  of  Mr.  Komanes's  jtaiM-r  on  "Physiological  selet'tiou," 
given  in  Xaturif  Augusts,  12,  and  19,  18!W,  did  not  come  into  my  bunds 
till  the  following  January,  when  my  theory  of  divergent  evolutiou 
through  cumulative  segregation,  which  hiul  Wen  gnwiually  developing 

'Compare  H  91,  1!^,  ll»,  170 

I  See  BppDcer'B  "Kirat  Prin'iiihw",  }  166,  near  the  i-ml;  alao  a  fiillnr  Htateaientr      [  , 
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since  chtf  pablieatioii  of  mv  paper  on  '•  Diversity  of  evolution  under 
one  set  of  ^xfiemal  roaditioiui. "  was  for  the  most  part  written  ont  in 
its  present  fi^m.  Siore  then,  and  witb  reference  to  the  discnsaion  on 
physiolugieul  aeteecioa.  I  hmxe  worked  out  the  algebraic  formulas  giveo 
in  tbe  tustuhapCer.  luid  have  introduced  explanations  of  the  same;  bat 
at  the  same  cine  I  bare  rentoved  several  chapters  in  which  the  principle 
of  :4eleetiiiD  was  littwfcisml  at  length,  aud  have  endeavored  to  bring  tlie 
whule  withia  i*  otNuptkSs  that  would  allow  of  itfl  beiug  publifthed  by  hook 
^■ientitie  suvtetr.  In  i»nl«r  to  attain  this  end,  I  reserve  for  another 
o«.'«a^ua  ii  diavns^oa  of  the  principles  of  intensive  segregation,  nnder 
wtiii-h  ttiuiM  t  L-I:ksi>  the  different  ways  in  which  other  priuciplee  com- 
bine witU  sv^regatioQ  in  pnMlaciug  divergent  evolution. 

It  w:k»  my  intention  tu  bring  together  examples  of  the  dlfTereut  foims 
of  ^i;re$atiou  di^-ossed,  that  they  night  be  published  with  the  theo- 
tvIiL-al  piut:  but  the  large  number  of  pages  foand  necessary  for  eTen 
th«  brteA^  pr«>ti«utatiuu  of  the  principles  involved,  and  the  &ct  tbat 
Ml'.  Koiiiiuiec»'»i  paper  has  appeared  relating  to  some  of  the  same  prob- 
tewH,  h>atl»  uie  to  |u:e«ent  the  results  of  my  studies  without  fiirtiier 
dflt<Y.  The  t\K'tii  on  whieh  large  portions  of  my  theory  rest  are  of  the 
uHwt  t'aiuiltar  kind,  and  uo  additional  light  would  be  gained  thoafh 
their  uuudtent  werv  nuiltiplietl  a  hundredfold.  Indeed,  one  of  Uie 
Hiiii  ti\'«l  t't.^tture«  of  ray  theory  is  that  in  its  chief  ooUineB  it  rests  od 
ltH'l!«  th»l  nee  uuivernally  aeknowlolged.  The  aim  of  the  theory  is  to 
xhow  the  ^HUitKvtioii  of  theoe  fat-tii  with  divergent  evolution. 

'I'luHitfli  luituy  tliverg^ueies  api>ear  in  our  method  of  treating  thesab- 
KH'lv  th(<  (\uult«uieiital  Ihettry  underlying  my  segregate  fecundity  and 
\|  I .  KwuttiM'H'!*  I'liyoioloiJifal  Selection  seems  to  be  very  similar,  if  not 
llio<ukUt«\  'I'lu'Kuutt  iniitortautdlRerences  I  have  noticed  are,  (1)  that  be 
wHit  iv  wm\n\  uuiIuhI  sterility  as  sufficient  to  account  for  the  separate 
l>iii)xui<^>it'»  »t^  MiM^ei**:*  and  vitrieties  thus  characterized,  without  falling 
lit  I  \w  Mitt  t'f  Kiiy  ttllier  form  of  segregation,  while  I  regard  it  as  a  neg- 
,\l  I ;  V  >^'i'>»  «>)'  iH>>i'iVKiUion  that  would  result  in  the  general  destructioii 
iLt  itll  lilv  11'  not  tiiwtH-iiittHl  with  what  I  call  positive  forms  of  segrega- 
Vit'iii  •tiiil  {'■'<  tbiit  W  m»iutaiu»  that  "Physiological  selection  is  atmoot 

■ *^  »  |he«ti'y  of  tlit«  origin  of  species,  seeing  that  it  can  bnt 

ive  had  ttiiythiug  to  do  witb  the  formation  of  genera,  and 
lOlitid  ituylhiug  ut  all  to  do  with  the  formation  of  fami- 
t'  ehwMvt,  Uent-e  the  evidence  which  we  have  of  theevo^ 
tit'inv  of  physiological  selection,  unlike  that  which  ve 
i^vitliitioHnry  inllueuce  of  natural  selection,  is  conSned 
it|M  of  HtMH'iltedistiiiGtioiis,"*  while  I  maintain  that  segre- 
iit  llxi'iu  Ih  tt  iitH-cssary  C4)iidition  for  all  divergent  evola- 
l  III  litvt  Hegn^gate  fecundity  in  many  cases  prevents  the 
III  ilUei'Kvnl  forms  that,  though  descended  from  a  com- 
A  liololitl  lo  ditt'ereut  families  and  onlers, 

'  JiHH,  >'iiH'.  Jfmm.,  ZoBtefijf,  vol.  XIX,  p.  386.  '- 
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The  first  of  tbeee  differencea,  though  of  considerable  iniportance,  is 
1  think  doe  to  the  method  of  presentation  rather  than  to  any  funda- 
mental discrepancy  in  the  theoriea.  The  positive  forms  of  Rfigregatioo 
are  I  jndge  assumed  to  be  present,  though  their  co-operation  is  not 
distinctly  recognized  as  a  necessary  condition  for  the  breeding  of  forms 
thai  are  mntually  sterile. 

I  mast,  however,  confess  that  I  do  not  see  how  to  reconcile  his  state- 
ment that  "  Physiological  selection  can  never  have  had  anything  at  all 
to  do  with  the  formation  of  families,  orders,  or  classes"  with  what  I 
believe  to  be  the  facts  concerning  Segregate  Fecundity ;  and  if  physio- 
logical aeleciaon  is  to  be  understood  as  inclndiug  Seasonal  and  perhaps 
other  forms  of  Segregation,  this  passage  seems  to  be  still  more  opposed 
to  the  principles  of  divergent  evolution  as  I  understand  them.  He  cer- 
tainly could  not  have  intended  to  say  that  mutnal  fertility  between 
aUied  genera  not  otherwise  segregated  wonid  not  have  stood  in  the 
way  of  tbeir  becoming  different  families,  and  that,  therefore,  mntaal 
sterility  has  bad  nothing  to  do  with  their  continued  divergence;  stilt 
be  seems  to  have  failed  to  perceive  the  important  influence  this  prin- 
ciple mast  have  had  on  the  divergent  evolution  of  the  higher  groups  of 
orguiisma. 

The  correspoDdences  in  the  two  papers  are,  notwithstanding,  more 
remarkable  than  the  differences.  Of  these,  the  most  conspicaoas  is  the 
use  of  the  word  segregation  to  express  the  principle  under  oonsidera- 
tion.^  As  I  have  already  pointed  out,  I  used  this  word  for  the  same 
purpose  in  an  article  In  the  Chrysanthemum,  published  in  January, 
1883 ;  and  again  in  the  Chinese  Recorder  for  July,  1855,  where  I  spoke 
of  the  "law  of  segregation  rising  out  of  the  very  nature  of  organic 
activities,  bringing  together  those  similarly  endowed,"  and  causing  "the 
division  of  the  survivors  of  one  stock,  occupying  one  country,  into  forms 
differing  more  and  more  widely  from  each  other." 

I  trust  that  my  discussion  of  the  various  forms  of  segregation,  both 
negative  and  positive,  though  presented  in  so  condensed  a  form,  will 
throw  light  on  the  subject  of  the  mutual  sterility  of  species;  and  that 
in  other  ways  my  presentation  of  the  subject  will  contribute  something, 
not  only  to  the  theory  of  physiological  segregation  but  to  other  branches 
of  the  general  theory  of  evolution, 

I  should  here  acknowledge  (what  will,  I  think,  be  manifest  on  every 
page  of  my  paper)  that  my  obligations  to  Darwin  and  Wallace  are  1^ 
greater  than  are  indicated  by  quotations  and  references. 

I  very  much  regret  that  I  have  failed  of  obtaining  a  copy  of  "  Evolu- 
tion without  Natural  Selection,"  by  Charles  Dixon;  bat,&om  his  letter 
in  Nature,  voL  xxxiii,  p.  100,  I  see  that  he  maintains  "  That  isolation 
canpreserve  a  non-beneficial  variation  as  effectually  as  natural  selection 
can  preserve  a  beneficial  variatiou."    He  does  not  there  refer  to  the  fact. 

*3ee  pftper  on  "  Pbysiulgical  Selection,"  Linn.  Soc.  Joura.  Zoology,  vol.  xU1,)q1c 
3H,  see,  391,  396.  '~ 
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I II  .  >t(i(i  (if  IfKfUrKli'iil  fi(iliJ<K-tii  l>y  the  ane  of  t«Tmit  of  mwerTaui  tu«t 

I  liiiH>  eiKli'tiviircil  I'll  obtHJit  (rrent«r  prevision  by  giving  ileibiitBiMMf 
Hi(>  IM  iiiH  I  )iiivt>  Ititrntlnccil;  tiiid  fnrtliesakeofindicatingvEuttvwb 
ml'  Unix  (iMi'il  Willi  RptH-ial  iiikI  doflnite  meatiings,  tbey  imw  becnife- 
IIiiuiiIxIimI  Ii\  (<it|tltHlH.  A  n>w  of  thedeilcfinitinuBare  lwregjv«ii.aMi 
III  licit  \\\\\  W  tthcii  III  ttiv  iHMly  til*  tlie  inipur.        « 

U  (Hftt  #.tt<»i»»t,w  I HitT  i/fHfntli nff  <i roup,  in Agtoap of 'nt^vidrntb 
(*ii  ttHtrttxHl  i»«M  ■«•  ^luU'***-*!  tliut  ttwy  fhH'Iy  ci-oss  with  each  otb*r. 
\,  ,.  ■<,  ■>';'.■■«.  iH'  N./cfn ■•«/«■»•»  tin^r^tmrn.    In  harmony  with  tbefnnd*- 

II  ,■■■'  i',tv\  M. •■,«.. I  .■»*il«tuiiK  I  ikssumt' that  each  species  Wis  at  one  time 
,  -     v'.-      -,■.  5^1  .■-■'•^TiT ,  1»HT  wv  Smt  that  many  speciesare  now  dirided 

-,   -.■.>■       ■.■■•  o'f'■^-^n«!»^^•tvwawlucll  there  is  little  or  no 

"     ,        •■  ^.     -     ,  '>^-.:v.'.:ftx(«i,Tws8ingIcalISe-generatioiL 

•-■    V  ^  V  S  st-.r.  iW^tMvtiou  and  Segregate Gen- 

■  ■■>,   iv    t,o  iixliiacTitDinatet  divisiaD  at 
-V  ^^>.,■^^.^  itMD)  iv,^|y  crossing  wjth  cach 

-  '...-  .V" .«-*,  IS  the  inter-geiiMarioii  of  aimilu 

>  -        -  oi  mUT-Rvneration  between  dissimilar  forms. 

.,  ,     .'' .''  ■":*""'  "/''*'  P*^*'»'  or  complete  eidusion  of 

u       .tl.er  to  tbe  envronment  or  ,«  otbet  nien,be!rs  of  tie 

IL.\!?,!.',''  ;■'"'""•  '"^  *'""  ^sclnsive  ffcneration  of  those  bettw  tittPH  f« 
|;;<-;;;uUi.v..„n,ent,r,.„lting,^„..,ef^^ 
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the  members  of  an  iater-gouernnt,  ezclasivc  of  their  influence  upon  each 
other.  The  environment  of  an  iuter-generaut  includes  members  of  the 
same  si>ecie3  only  when  these  members  are  so  near  that  they  exert  an 
tiiduence  through  competition  or  otherwise,  while  at  the  s»me  time  they 
are  ao  far  differentiated  that  they  do  not  intercross ;  in  other  words,  the 
members  of  the  same  species  can  mutally  belong  to  the  environment 
only  whea  they  have  acquired  some  of  the  characteristics  of  independ- 
ent speciea.  The  same  environment  extends  as  far  as  the  activities 
that  affect  or  may  affect  the  species  extend  without  undergoing  change. 
OKange  in  the  eneiromnent  is  chauge  in  the  external  activities  affect- 
iug  the  species. 

Entering  a  new  environment  is  a  change  in  the  territorial  distribution 
of  the  specieK,  bringing  either  all  or  a  portion  of  its  members  within 
the  reach  of  new  influences.  This  may  also  he  called  change  o/inri- 
ronment. 

Change  in  the  organism,  whether  producing  -new  adaptations  to  the 
wvironment  or  not,  should  be  carefully  distinguishftl  from  both  of  the 
above- described  changes. 

Change  of  relation*  to  the  environment  may  l>e  produced  by  change 
Id  the  environment,  or  by  entering  a  new  environuieiit,  or  by  i-liauge 
ill  the  organism. 

As  great  confusion  has  been  occasioned  by  the  terms  "  conditions  of 
life,"  and  "  external  conditions"  being  used,  sometimes  for  activities 
untsidc  of  the  species  under  consideration  and  Honietimes  for  tliose 
within  tbe  species  (as  for  example  the  induence  upon  the  seed  produced 
by  its  position  in  the  capsule),  I  have  tried  to  avoid  their  us<^ 

Monotypic  evolution  is  any  transformation  of  a  speciea  that  does  not 
ilestroy  its  unity  of  type. 

Polytypic  enoluUonut  ilireri/eitt  fpolatiimia  any  transformation  of  a 
species  in  which  different  typos  ap|iear  in  different  sections. 

OllAl'XEIt    t. 
THK  F.PPKOTS   nv    H] 


la  as  bu'  as  any  theory  of  evolution  fails  of  giving  an  exphmation  of 
divergence  of  character,  in  so  far  it  fails  of  explaining  the  origin  of 
species.  This  is  the  crucial  test  which  must  decide  the  strength  or 
veakuess  of  every  theory  that  is  brought  forward  t^t  account  tor  the 
derivation  of  many  species  from  one  original  species.  A  satisfactory 
dieoiy  will  not  only  poiut  out  the  conditions  on  which  divcrgenie 
depends,  but  will  show  that  these  conditions  are  the  natural  result  of 
eausesthat  are  already  recognized  by  science  as  having  inlluence  in 
tbe  organic  world,  or  that  are  now  shown  to  have  such  induenoe. 

Ill  the  present  chapter  I   shall  present  some  reasons  lor  beli 
that  neither    "natural  selection,"  nor  "sexual  selection,"  uo^>oq[(; 
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advantage  of  divergeoce  of  cbaiacter,"  nor  "  difference  of  external 
GoiiditionB,"  nor  all  these  taken  together,  uor  any  form  of  selectiwi 
that  may  be  hereafter  discovered,  is  snfficient  to  account  for  diver- 
gence of  cbai-acter,  but  that  another  factor  of  equal  if  not  anperior 
importance  muitt  be  recognized.  In  snbsequeat  chapters  I  shall  try  to 
trace  the  caases  on  which  this  additional  factor  depends,  and  to  indi- 
cate KM  far  as  possible  the  laws  and  relations  under  which  they  appear. 

DIVEKUBNT  EVOLUTION  NOT    EXPLAINED  BY    NATURAL    SELECTIOS. 

Natural  selection  is  the  exclusive  generation  of  certain  forms  through 
the  failure  to  live  and  propagate,  of  other  kinds  that  are  lesa  adapted 
to  the  environment. 

In  the  case  of  the  breeder,  no  selection  avails  anything  that  does  not 
retiutt  in  some  degree  of  exclusion.  In  the  case  of  natural  selection, 
where  we  are  not  considei-iug  ineffectnal  iutentious,  the  selection  is 
meitsored  by  the  exclusion.  Where  there  is  no  exclusion  there  is  no 
selection,  and  where  the  exclusion  is  great  the  selection  is  severe. 
Moreover  it  is  self-evident  that  there  can  be  no  crossing  between  the 
best  fitted  that  survive  and  propagate  and  the  least  fitted  that  perish 
without  prepagatiug.  To  this  extent,  therefore,  the  prevention  of 
urossiug  is  complete.  And  further,  it  is  evident  that  those  whose 
menger  fituess  gives  them  but  little  opportunity  for  propagating  will 
have  a  correspoudingly  diminished  opportunity  for  crossing  with  the 
bi>st  fitted;  and  so  on  through  the  different  grades ot  fitness,  thepower 
to  affect  the  next  geiiueration  throogb  having  a  share  in  propagating 
will  measure  the  power  to  affipctthe  progeny  of  the  best  fitted  by  cross- 
ing with  them.  It  therefore  fitllows  that  the  freest  crossing  of  the  fit- 
t4«t  is  with  the  fittest. 

Xatuml  arievtioH  therefore  piuves  to  be  a  proetst  in  wkick  ike  filtett 

»re  yrrrri*tvd/rom  rivtiofi  tcitk  thf  few  Jitttrd  IkroMgh  Ike  excl^O»  of 

the  trvtiitted,  iu  pn>purtiou  to  their  lack  of  fitness.    Through  the  pre- 

luatur^  death  of  the  least  fitted,  and  the  inferkff  propagation  of  tbe 

k  oouliunal  prevention  of  cro»siDg  between  the 

r  littMl;  aud  without  this  separation  the  trans- 

'  laws  of  oiganie  life  would  have  no  power  to 

aii  pointed  out.  the  results  produced  by  this 

d  ami  separate  propagatiou  of  the  better  fitted 

thosv  iKodmifd  by  the  breeder,  who  kills  off 

duals  (^  hiii  sUM-k  befofe  they  have  an  oppor- 

e>Wti(tu  of  the  brt^ler  av^tils  notiung  unlessil 

i  (kf  the  kiud  that  shall  breed:  and  this  hecao 

luvvetitiug  tree  t-io^siug  with  those  that  be 

tti^t  use  iMoie  Method  to  secure  the  separate 

at  h«  d*>siiw  to  [>rvkpajp»te.     We  therefore  find 

ittvial  !i<>le^-ttv»u  (he  s»iue  fandaneotal  method. 
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Id  either  case,  the  kind  that  is  to  propagate  is  determiaed  by  the 
selection,  and  thocte  that  are  not  to  propagate  are  in  aome  way  ex- 
claded.  The  process  may  therefore  be  called  the  exclusive  breeding 
of  certain  kinds;  and  natural  selection  may  be  defined  as  the  exclusive 
breeding  of  those  better  adapted  to  the  environment. 

Bat  if  from  one  stock  of  horses  we  wish  to  develop  two  distiDCt 
breeds,  one  of  which  shall  excel  in  fieetness  and  the  other  in  strength 
for  carrying  or  drawing  hardens,  the  resalt  will  not  be  gained  by  simply 
preventing  all  that  are  inferior  In  strength  or  fleetness  ftom  breeding. 
By  this  process,  which  is  the  exclusive  breeding  of  the  desired  kinds, 
we  should  obtain  one  breed  with  fair  powers  of  strength  and  deetness; 
bat  the  highest  results  in  either  respect  would  not  be  gained.  .SucA 
etpwimentM  show  that  the  exclusive  breeding  of  other  than  average  forms 
causes  monotypie  evolution,  and  that  to  secure  divergent  or  polytypic  evolu- 
tion some  other  principle  must  be  introduced. 

In  the  case  of  natural  selection,  the  separation  it  introduces  is  between 
the  living  and  the  dead,  between  the  successful  and  the  uusnccessfni. 
In  other  words,  natural  selection  is  the  exclusion  of  all  the  forms  that 
throagh  lack  of  adaptation  to  the  environment  fail  of  leaving  progeny, 
and  therefore  in  the  exclusive  generation  of  the  forma  that  throagh 
better  adaptation  to  the  environment  are  better  able  to  propagate. 
Variation  tcith  the  natural  selection  of  other  than  average  forma  may  there- 
fore account  for  the  transformation  of  an  ancient  species  into  a  series  of 
successive  species,  the  last  of  which  may  now  exist  in  full  force ;  but  with- 
out the  aid  of  se-generation  it  will  by  no  means  account  for  the  divergent 
molutionof  any  one  of  these  species  into  a  family  of  coexisting  npecies. 

As  I  have  just  shown,  natural  selection  is  the  exclusive  generation 
of  those  better  fitted  to  the  environment;  and  it  tends  to  the  modiflca- 
don  of  species  simply  through  the  generation  of  the  better  fltted  forms, 
whUe  they  are  prevented  ttom,  crossing  with  the  less  fltted,  which  fail 
of  propagating  through  their  lack  of  fitness.  Now,  from  the  very  nature 
of  this  process,  which  results  from  the  success  and  failure  of  individuals 
m  appropriating  the  resources  of  the  environment,  it  follows  that  it 
can  not  be  the  cause  of  separation  between  the  successful  competitors, 
and  therefore  any  divergence  of  character  that  arises  between  the  differ- 
ent groups  of  the  snccessful  can  not  be  attributed  to  natural  selection. 
Natural  selection  explains  the  prevention  of  crossing  between  the  fitted 
SDd  the  unfitted,  and  shows  how  the  successive  generations  of  a  species 
may  gradmdly  depart  from  the  original  type,  becoming  in  time  a  differ- 
ent species ;  but  it  can  not  explain  the  divergences  that  arise  between  those 
that  have,  by  tM  fact  of  successful  propagation,  proved  their  fitness.  It 
depends  on  superiority  of  adaptation  to  the  enviromneiit,  and  tends  u> 
produce  increasing  adaptation ;  hutdivergeat  kinds  of  adaptation  are  not 
necessary  conditions  for  it,  and  it  can  not  be  the  cause  of  increasing 
divergence  between  the  incipient  kinds  that  otherwise  arise.         ,  .  , 
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DIVEEOENT  EVOLUTION   NOT  EXPLAINED   BY  "THE  ADVANTAGE  OP 
DIVERGENCE  OP  CHABACTBR." 
Two  sections  of  the  fourtli  chapter  of  the  "Origin  of  species "  are 
given  to  the  diacussion  of  the  "  principle  of  benefit  being  derived  from 
divergence  of  character,"  which  it  is  tnaiutained  "  will  generally  lead 
to  the  most  different  or  divergent  variations  being  preserved  and  accn 
mnlated  by  natural  selection."    Now,  it  can  not  be  doubted  that  ability    \ 
to  appropriate  niiused  resources  would  be  an  advantage  to  any  memherx 
of  a  community  pressed  for  food;  but  I  do  uot  see  bow  the  divergence 
that  would  enable  them  to  appropriate,  for  example,  a  new  kind  of  food   ' 
can  be  accumulated  while  free  crossing  continues;  and  natural  selection 
can  not  prevent  the  iree  crossing  of  competitors  who  leave  progeny. 

Having  found  that  the  evolution  of  the  fitted  is  secured  through  the   | 
prevention  of  crossing  between  the  better  fitted  and  the  less  fitted,  can    ! 
we  believe  that  the  evolution  of  a  i4]iecial  race,  regularly  transmitting 
a  special  kind  of  fitness,  can  be  realized  without  any  prevention  of  cross- 
ing with  other  races  that  have  do  ]>ower  to  transmit  that  special  kind  of 
fltnesst    Cau  we  suppose  that  any  advantage,  derived  from  new  pow- 
ers that  prevent  severe  comiietitioD  with  kindred,  can  be  permanently 
transmittal  through  succeeding  generations  to  one  small  section  of  tlie 
species  while  there  is  free  <-rosMing  equally  distriliuted  between  all  tlip 
families  of  the  speciesi     Is  it  not  apparent  that  the  terms  of  this  sup 
position  are  inconsistent  with  the  ftiudaniental  lawsof  herolity!    Does    ' 
not  iufaeritan(«  follow  the  lines  of  consanguinity,  and  when  consan- 
guinity is  widely  diGFused,  can  inheritance  be  closely  limited?    When 
there  is  free  crossing  between  the  families  of  one  species,  will  uot  any 
peculiarity  that  appears  in  one  family  either  be  neutralized  by  crosses 
with  families  possessing  the  opiH>sit«  quality,  or  being  preserved  hy 
natural  selection,  while  the  opi>osite  quality  is  gradually  excluded,  will 
not  the  new  quality  grsulually  extend  to  all  the  branches  of  the  species, 
so  that,  in  this  way  or  in  that,  increasing  divergence  of  form  will  be 
prevent  e<l  f 
If  the  advantage  of  freedom  froui  competition  in  any  given  variatioD 
ssion,  in  some  degree, of  new  adaptations  to  unaih 
there  must  bi'.  some  cause  that  favors  the  breed- 
)  thus  s[>ecially  endowed,  and  interferes  in  some 
issing  with  other  variations,  or,  failing  of  this,  the 
ill  in  sut^eediug  generations  be  lost.    As  soine 
it  geueratiim  is  necessary  for  the  contionanc^  of 
evident  that  the  same  condition  is  nettessary  for 
ough  natural  selection  of  the  ]>owers  on  which  tlie 
The  adrantage  of  dirergentx  of  chariKter  can  not 
\alfail  to  rttninthf  dirergeul  character;  anddirtr- 
>t  hr  rftaiued  by  tkoHe  that  are  consUintly  crimi»9 
i  the  pn-rrntion  of  fme  eroming  between  those  that 
ia  in  ho  inty  secured  by  natural  aeUction. 


DIVERGENT  EVOLUTION  THROUGH   SEGREGATION.  283 

KATITBAL  SBLEOTIOII  WITH  OBBAT  DIPPEBENOE  IN  BXTBBNAL   CON- 
DITIONS NOT  SITFPICIEHT  TO  EXPLAIN  DIVE&GENT  EVOLUTION. 

The  iiiHufRcieDcy  of  oatural  selection  without  se-geueriition  to  account 
Tur  divergent  evolation  in  ao  area  wliere  the  external  c^uditionH  are 
nearly  nDifonn  may  be  admitted  by  some  wbo  will  clium  that  the  case 
is  quite  otbei'wise  when  a  si>ecies  ranges  freely  over  an  area  in  which 
it  is  sabjected  to  strongly  contrastod  conditions.  It  may  be  claimed 
that  diversity  of  natural  selection  resulting  from  a  great  difference  in 
ezternni  nature  is  sufficient  to  account  for  divergent  evolution  withont 
any  se- generation. 

In  the  discussion  of  this  suliject  important  light  can  be  gained  by 
referring  t4p  the  experience  of  the  breeder.  This  experience,  in  as  far 
as  it  relates  to  the  subject  of  separation  in  the  pi'oduction  of  divergent 
breeds,  may  be  arranged  under  three  heads:  First,  diversity  of  selec- 
tion without  separation ;  second,  separation  without  diversity  of  selec- 
tion ;  third,  separation  more  or  less  complete  with  diversity  of  selection. 
As  tbe  full  discussion  of  these  points  is  impossible  here,  and  as  there 
in  probably  but  little  difference  of  opinion  in  regard  to  what  the  results 
would  be,  I  shall  content  myself  with  a  simple  statement  of  what  I 
believe  the  experience  of  breeders  shows.  Difference  in  the  standards 
of  selection  without  separation  can  avail  nothing  in  creating  diver- 
^nceof  types;  while  separation  without  <ltfference  in  the  staudanls  of 
H«Ietrtion  will  avaU  something,  though  food  and  external  conditions  are 
kept  the  same;  but  to  secure  the  greatest  divergence  in  a  given  time, 
t^ere  must  1>e  both  diversity  of  sele^'tion  and  complete  separation.  In 
the  case  of  separation  withont  diversity  of  selection,  there  is  room  for 
difference  of  opinion;  for  the  examples  that  some  would  claim  us  prov- 
ing that  there  is  often  divergence  without  diversity  of  selection  and 
vithout  difference  in  external  conditions  may  be  attributed  by  others 
to  unconscious  selection.  It  is  granted  by  everyone  that  no  skill  in 
Hele^rtiug  the  animals  that  possess  the  desired  qualities  will  have  any 
effect  in  establishing  a  new  breed  unless  the  selected  animals  are  pre- 
vented from  breeding  with  others  that  aredeticient  in  the  desired  qual- 
ities. We  further  find  that  while  s«^parati(m  is  an  absolutely  essential 
condition  for  this  divergence,  diversity  of  selection  is  not  so  essential. 
This  is  illustrated  in  the  ease  of  the  slightly  different  tyi>eR  that  are 
pr^ented  by  the  wild  cattle  found  in  the  different  parks  of  Knglaiid,* 
a  phenomenon  which  can  hardly  l»e  altribtit^'d  to  any  diversity  in  the 
environment. 

In  artificial  breeding  universal  experience  teaches  that  variation  and 
selection,  withont  separation,  do  not  produce  divergence  of  races.  The 
wparate  breeding  of  different  classes  of  variation  is  a  necessary  condi- 
tion for  the  ac<-umuIation  of  divergent  variation;  and  wherever  the 
xe|>arate  breeding  of  different  classes  of  variation  is  secured  there  diver- 

*  Bm  Darwin's  '■  Variation  iiniler  Uouiestiration,"  vbapt«r  xv,  iiecoDd  pagW^'^ 
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U«nvA:  of  ebaracter  in  the  resnlt.  In  other  words,  segregate  breeding  is 
iiiMWHHary  to  divergent  evolution  in  gamo-genetic  animals.*  Moreover, 
wi)  liave  (tvery  reaiwin  U>  believe  that  the  same  law  holds  good  through 
out  tlie  whidu  organiu  world.  The  generating  together  of  similara, 
with  the  exdiuion  or  sepuration  of  diHsimilars,  is  the  central  neceasitf 
hi  ull  evolution  t>y  deMcent,  whether  monotypic  or  polytypic  and  vhaUrer 
Muie*  the  teparatx  generation  of  different  claseea  of  variation  icilt  be  tke 
cawir  of  divergent  evolution.  That  is,  wherever  this  condition  in  added 
to  tho  iMTnianent  laws  of  organic  life,  there  divergence  will  follow. 
Ah  wi<  have  alreitdy  uoen,  natural  selection  or  the  survival  of  the  fittest 
iioiWHitiu'lly  wipumtes  between  the  survivors  and  the  nousnrrivors, 
1hi|.W(hiu  the  iH^st  fitted  and  the  least  fitted,  and  is,  therefore,  tbe 
ciiiiHo  of  nioiiatypio  transformation;  but  it  can  not  be  the  cause  of 
Hopanttloii  lwtw4>en  the  difi'ereut  families  of  those  that  aorvive,  and, 
I  h(<rt>f(in>,  t'lU)  not  bt«  the  cause  of  divergence  of  character  betweeu 
lhew.«  fiiinilU'H.  Hut  we  find  that  divergence  of  character  often  artaei* 
lH<twt>t>n  thi«  hriuiehcH  of  one  stock,  and  in  many  cases  this  divergence 
llU'rt>iMt>(i  till  well-niiirked  varieties  are  established.  If  therefore  tbe 
jpntertU  prinoiph*  we  have  just  stated  is  true,  there  must  be  certain 
i-iM)H(>it  prtMlnoiu);  the  iudettendeut  generation  of  these  forms;  and,  if 
wti  1^1)  diMttivtT  thtvte  causes  and  trat-e  them  to  general  principles, 
llioy  will,  hi  wmiiwtiou  with  the  laws  of  variation  and  selection, 
i>\|tliiiii  dlv«i|c<M>tevolution,  tbat  is.  the  transformation  of  one  form  into 
liiiuVY  flirma,  of  one  sinnnes  into  many  8i>e«-ies.  As  community  of  evo- 
luluni  mHmw  wliert>  there  is  tMmmanity  of  breeding  between  those  that, 
t)iroH):li  suiM>rior  tltnesi«,  ha\-e  opportunity  to  propagate,  so  I  believe  it 
«ni  tw>  Ibttnd  that  dix^'i^ut  evolutiitn  arises  where  there  is  separate 
)M-t>«<«tiuc  *^  '***'  diftVwut  rlassses  of  the  sorvessM.  In  other  words. 
t<\v)lt»(>'v  turiMHtiii);  ttf  other  tttun  avera^  ft>rai8  noaes  monotypic  evo- 
bn!>tnliit|;  <';tH;<«^^  di\~er;Mtt  tw  polytypic  erolntioD. 
*phi«-al  dt!4rilHiii«>a  sve«a  tu  Me  to  justify  tbe  f<d- 

M^  ui  dtitWviti  ii>>Rtt::ti«Bs  in  tbe  different  parts  of 
I  is  d;>Jr;'Hi:<r»l  ts  ci>*  n^|<ne<ratrd  by  divergent 
-twifstinj:  <f\i!4:!:  Viwwtt  tW  iakabitants  of  tlie 
n  t>tKi<Y  «\«\ls  >i'.\vrs.-:Y  ofa^ttaraJ  sHertkMi with- 

.■*»*  li;  »i.\l;  juvjk^  i-\-CT«ts$ikindinjr  in  the  ehw- 
>if«!v  >i;;  s«vir«Srt^  r^«M  t^^h  other  by  important 
IOS4  ^^<\v■»\-<^r' :  5,-c»,>  :i  '.^saamnrtX&edsfteitA. 
■.^  A'^\t;-«;.vtt  >.its  Sm«  '  ii_:  I— liaaid,  mil  t*" 
tv  ,iv  ^-v-o;  ^i  A-sri:-^    i  jvtx:*  :ku  inndre  diver 
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sily  of  adaptatJoD,  there  we  Aod  the  most  decided  divergences  in  the 
organic  forms.  That  is,  vhere  separation  and  divergent  selection  have 
long  acted,  the  resnlta  are  found  to  be  the  greatest.  The  first  and 
third  of  these  propositions  will  probably  be  disputed  by  few,  if  by  any. 
The  proof  of  the  second  is  found  wherever  a  set  of  closely  allied  organ- 
isms is  so  distributed  over  a  territory  that  each  species  and  variety 
occupies  its  own  narrow  district,  within  which  it  is  shut  by  barriers 
that  restrain  its  distribution,  white  each  sjtecies  of  the  environing  types 
is  distributed  over  the  whole  territory.  The  distribution  of  terrestrial 
moUusks  on  the  Sandwich  Islands  presents  a  great  body  of  facts  of 
this  kind. 

SELECTION   OP  EVEBV  KraD  1M8UFPICIENT  TO  ACCODHT  FOE  DIVER- 
GENT EVOLUTION. 

Though  I  have  no  reason  to  doubt  the  importance  of  sexual  selection 
in  promoting  the  transformation  of  many  species,  I  think  I  can  show 
Uiat  unless  combined  with  some  separative  or  segregative  iufluence 
tliat  prevents  free  intercrossing,  it  can  avail  nothing  in  producing  a 
diversity  of  races  from  one  stock.  In  the  nature  of  its  action  sexual 
selection  is  simply  exclusive.  It  is  the  exclusive  breeding  of  those 
better  fitted  to  the  sexual  instincts  of  the  species,  resulting  from  the 
Mure  to  breed  of  the  less  fitted.  It  therefore  indicates  a  method  of 
separation  between  the  better  fitted  and  the  less  fitted;  but  it  gives 
DO  explanation  of  separation  between  those  that  are  equally  successful 
in  propagating. 

1  maintain  that  in  a  great  number  of  animal  species  there  are  sexual 
md  social  instincts  that  prevent  the  free  crossing  of  clearly  marked 
races;  but  as  these  segregative  iiistiucts  are  rarely  the  cause  of  failure 
to  propagate,  and  since  when  they  are  the  cause  of  failure  the  failure  is 
ashkely  to  fall  ou  one  kind  as  on  another,  I  conclude  that  the  segre- 
gate breeding  resulting  from  these  instincts  can  not  be  classed  as  either 
"exaal  or  social  selection.  Reflexive  selection  in  all  its  forms  is,  like 
natural  selection,  the  result  of  success  and  failure  in  vital  processes 
through  which  the  successful  propagate  without  crossing  with  the 
utLsnccessful ;  but  it  in  no  way  secures  the  breeding  in  separate  groups 
of  those  that  are  successful  in  propagating.  The  exclusion  of  certain 
Gompetitors  from  breeding  is  a  very  different  process  ftom  the  separa- 
tion of  the  successful  competitors  into  different  groups  that  are  pre- 
dated from  intercrossing,  and  whose  comi>etitioii  even  is  often  limited 
to  the  members  of  the  same  group.  Sexual  selection,  like  other  forms 
of  reSexlve  selection,  can  extend  only  as  far  as  members  of  the  same 
species  act  on  each  other.  If  the  individuals  of  the  two  groups  have 
through  difference  in  their  tastes  ceased  to  compete  with  each  other 
'HBeeking  mates,  they  are  already  subject  to  different  and  diver(^-' 
fonoB  of  sexual  selection;  and  is  there  any  reason  to  attributeOQic 
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differeoce  in  tbeir  tastes  to  the  fact  tbat,  vrlien  there  waa  but  one  groap 
and  the  tastes  of  all  vere  conformed  to  a  single  standard,  some  of  the 
competitors  failed  of  propagating,  tbroiigli  being  crowded  aside  by 
tbose  more  saccessful  T  1/  the  failure  of  the  unsuccessful  can  not  be  tkt 
cause  of  separation  between  the  different  kinds  of  the  successful,  then  Mfec- 
(ion,  Kkether  natural  or  reflexive,  or  of  any  other  kind,  can  not  be  the  cante 
of  divergent  evolution,  exc^t  as  co-operating  with  some  cause  of  independ- 
ent generation. 

The  failure  of  sexual  selection,  without  separation  or  segregation,  to 
account  for  divergent  evolution,  will  perhaps  be  made  clearer  to  some 
miuds  by  considering  some  of  the  particular  conditions  under  which  it 
occurs.     Suppose  for  instance  tbat  in  some  species  of  hummingbird 
there  occurs  a  slight  variation  in  the  form  or  color  of  the  tail  feathurs 
of  the  male  tbat  adds  to  the  beauty  of  the  individuals  possessing  the 
new  character  and  rendering  them  more  attractive  to  f  be  females.    We 
can  see  that  they  might  have  an  advantage  over  tbeir  rivals  in  Icavin;: 
progeny,  and  that  the  variety  might  in  that  way  gradually  gain  the 
ascendency,  and  the  beauty  of  the  markings  become  more  and  more 
completely  defined;  but  under  such  conditions  what  could  prevent  (he 
whole  species  from  being  graduiilly  transformed?     Unless  there  was 
some  separative  or  segregative  principle  tbat  prevented  the  new  variety 
from  crossing  with  the  others,  the  species  would  remainbut  one,  though 
chaugetl  in  some  of  its  characters.     VVe  should  have  transformation 
without  divergence. 
The  same  must  be  true  of  institutional  selection.     It  may  be  the 
le  cause  of  divergent  erolu- 
js  tliat  pi-oduce  divergence 
le  separate  breeding  of  the 
single  illustration  will  set 
M  of  institutional  a.s  well 
ities  the  deaf  are  but  little 
ige  of  their  position  their 
herefore  for  rearing  fami- 
A  selection.     Again,  thotie 
lunicating  with  their  win- 
ding consorts ;  this  we  may 
light  either  by  law  or  hy 
eaf;  this  would  be  instttn 
selection  might  be  pressed 
verage  iwwer  of  heariog  in 
l>ut  it  could  never  be  the 
l>owvrs  of  hearing  and  the 
S8.    To  secure  such  diver- 
nces  should  be  introduced, 
the  modern  system  of  edu- 
those  endowed  with  hear- 
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iog  and  those  without  hearing  have  been  separated  into  two  commani- 
ties,  the  members  of  each  havingbut  little  opportunity  for  acqnaiutance 
befond  the  limJbi  of  that  community,  each  communitj'  having  separate 
erhools,  separate  uewsimpers,  and  to  some  esteut  a  separate langaage. 
As  the  resnit  of  this  segregation  marriages  between  the  two  classes 
have  been  greatly  diminished ;  and  little  by  little  two  races  are  arising, 
tbe  hearing  race  and  the  deaf  race.* 

REASONS  OP  A  GENERAL  CBABACTEB  FUR  CON8IDEBINC  SELECTION 
WITHOUT  INDEPENDENT  GENERATION  AN  UN8ATISFACTOBY  EX- 
PLANATION OP  DIVERGENT  EVOLUTION. 

1.  The  divergence  is  often  confined  to  characters  which  seem  to  have 
no  possible  relations  of  adaptation  either  to  the  environment  or  to 
other  members  of  the  species,  and,  therefore,  to  be  indeiiendent  of  both 
natural  and  reflexive  selet^tion. 

2.  Divergence  rcltittng  to  adaptive  churaiiters  successliilly  pi'oi)a- 
gated  involves  different  kinds  rather  than  dift'ereut  degre<>s  of  adapta- 
tion and  advantage;  and,  as  adaptatiimal  selection  depends  on  the 
(lilPerenco  of  degrees  of  advantage,  it  can  not  account  for  the  diver- 
gent-e  of  forms  possessing  equal  degrees  of  advantage. 

3.  Ill  the  very  nature  of  its  action  we  see  that  adaptational  selcMition 
unaccompanied  by  independent  generation  must  produce  essentially 
mouotypic  transformation. 

i.  In  artificial  breeding,  independent  generation  is  found  to  be  an 
essential  condition  for  the  production  of  divergent  races;  and  there  is 
DO  reason  to  doubt  that  the  same  law  holds  good  In  the  divergence  of 
natural  forms. 

I).  The  general  fact  that  species  possessing  high  jiowers  and  large 
opportunities  for  migration  o<:cu|»y  large  areas,  while  those  possessing 
low  jM>ivers  and  small  opi>ortun)tie«  for  migration  divide  the  same  area, 
or  an  area  no  larger,  between  many  representative  Bpe<-ie8,  shows  that 
independent  generation  is  an  important  element  in  their  divergence. 

Chapter  II. 

CUMULATIVE    DIVBEGENCE    THROrUH    CUMULATIVE    8EGREOATION 

Local  separation  in  dissimilar  environments  is  the  only  cause  of 
wgregatioii  that  has  been  clearly  pointed  out  by  Darwin.  I  shall 
however  endeavor  to  show  that  there  are  other  causes  prodncing 
Wgregation,  and  that,  without  any  change  of  environment  or  change 
in  the  environment,  they  may  produce  all  the  phenomena  of  divergent 

'8«e  paper  by  Alexouder  (iraham  Bell,  reait  berore   the   National   Acatlemy  of 
'^i«ncc«,  November  13, 1683,  upon  tlie  "Formation  of  a  Deaf  Variety  of  the  Hm 
Ku*:"  alBo  a  review  of  tbe  same  in  The  I'opal 
nUUed  <'Cmi  Han  be  Modified  by  iJelectJooT" 


T^b^le 
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evolution.    Aiiy  cause  tbat,  out  of  two  or  more  kinds  of  BocceBsftil 
variatioDs,  brings  together  one  kind  in  siicb  a  vay  as  to  facilitate 
their  breeding  together,  or  to  binder  their  breeding  with  those  of  other 
kinds,  is,  according  to  my  definition,  a  canse  of  segre^te  breeding; 
and  the  experience  of  breeders  shows  that  wherever  such  causes  operate 
divergent  evolntion  is  the  result,  and  that  tlie  divergence  accunialataii 
when  the  process  is  continued  through  many  generatious.    From  tlieir 
experiments  we  learn  that  any  form  of  segregate  breeding  persistently 
continued  will  result  in  divergent  evolution.     As  any  form  of  natural 
selection  in  which  other  than  typical  forms  have  the  advantage  wi)J 
result  in  monotypic  evolution,  so  any  form  of  segregate  generation  will 
produce  polytypic   evolution.     I  call  this  the  law  of  cumulaUpe  direr- 
gence  through  cumulative  aegregation.    It  is  a  generalization  established 
by  the  widest  experience  of  mankind  in  the  cultivation  of  plants  and 
the  breeding  of  animals;  and  any  assumption  that  is  not  in  accord 
with  it  may  be  wisely  called  in  question. 

I  therefore  judge  that  the  advantage  or  disadvantage  of  tfaeir  diver- 
gence, to  individuals  diverging  from  tbe  typical  form  of  a  species,  v»o 
not  be  the  factor  tbat  determines  whether  the  divergence  shall  be  accu- 
mulated. 

A  divergent  member  of  any  inter-generating  group  can  not  long  P**' 
petnate  its  kind,  if  tbe  divergence  is  any  disadvantage;  for  the  sopen'*'^ 
propagation  of  the  more  successful  kinds  will  soon  overpower 
influence  of  the  less  successful ;  and  the  result  will  be  monotyp'c  evo- 
lution.   The  case  is,  however,  very  difllerent  with  variations  tbat 
wliolly  or  partially  separated  from  each  other  and  from  the  typ® 
their  divergent  adaptation  to  different  kinds  of  resources,  or  by 
other  cause.    The  perpetuation  of  such  variations  depends   no       l~ 
any  advantage  they  possess  above  the  type  from  which  they  ^  -_«i¥ 
but  upon  ability  to  appropriate  from  the  environment  suffici©"*  ^ 

to  maintain  existence,  and  the  result  is  polytypic  evolnlaon.     "*     ^^ 

tolls  ^fi^'t 

„tcondit>»"« 
ossi«g.»>»'"' 
and  at  ^'^ 


.ether  ill*" 
ietM«l<«"" 
:ie»,lx!«""" 
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'  jirocesH  of  gfaining  fiiU  adaptation  to  tlie  new  resources  may  extend 
over  many  KeneratioDS,  and  daring  this  long  period  the  divergent  form 
may  be  at  a  great  disadvantage  as  compared  with  the  typical  form; 
bat  after  this  long  process  of  divergence  is  completed,  and  full  com- 
iDuid  of  the  new  resource  is  gained,  the  new  race  may  enter  upon  a 
pfriod  of  great  prosperity.  In  such  a  case,  the  period  of  most  rapidly 
accofflnlating  divergence  is  a  period  when  the  incipient  race  is  sufTering 
the  heaviest  disadvantage.  The  transformation  flrom  a  wild  to  a  domes- 
tic state  affords  a  complete  parallel  to  this  process.  In  the  initial  and 
earlier  stages,  the  divergent  branch  that  is  being  domesticated  ia  in 
omiitant  danger  of  extermination;  and  it  is  only  when  a  good  degree 
of  adaptation  to  the  new  conditions  has  been  gained  that  it  can  be  said 
to  b«  as  prosperons  as  the  wild  stock  from  which  it  was  derived.  Dar- 
vin  has  not  explained  how  disadvantageous  sexaal  instincts  can  be 
Ibrmed;  but,  assaming  that  there  are  such  instincts,  hehasshowu  that 
they  would  modify  the  species  in  a  way  that  is  disadvantageoas.  He 
twliervs  the  progenitors  of  man  were  deprived  of  their  hairy  coat  by 
Hxnal  selection  that  was,  in  its  earlier  stages,  disadvantageous. 

It  is  therefore  evident  that  the  simple  fact  of  divergence  in  any  case 
u  not  a  sufficient  ground  fbr  assaming  that  the  divergent  form  has  an 
xirantage  over  the  type  from  which  it  diverges.  We  may  however 
be  snre  that  there  is  some  cause  or  combination  of  causes  that  facili- 
tattstbe  intergeuerating  of  those  similarly  endowed,  and  hinders  their 
aoaeing  with  other  kinds;  and  if  we  can  discover  the  cause  of  this 
w^regate  generation  we  shall  have  an  explanation  of  one  part  of  the 
process  by  which  the  forms  thus  endowed  are  becoming  a  distinct  race. 

aSPlBATlOH  AND  8EGBEQATION  WITH  THE  PRINCIPLE  OP  INTENSION. 

k  will  contribute  to  cleamcsH  in  our  discussion  if  we  can  gain  detinite 
conceptions  of  the  conditions  that  are  necessarily  involved  in  separate 
and  eegregate  breeding, 
^parategeneratjon,  which  for  convenience  I  call  separation,  implies: 
Vint.  The  indiscriminate  separation  of  the  members  of  a  species  into 
different  sections  that  are  prevented  from  freely  crossing  with  each 
urtier. 

Second.  The  aggregation  of  the  members  of  one  KWtion ;  that  i», 
their  beiag  brought  into  conditions  of  time  and  jihice  that  allow  of 
(hei'-        "rn)aNiug. 

e  integration  of  the  roembersof  each  section  into  one  inter- 
f               group,  through  the  operation  of  functional  adaptations  by 
,                members  of  each  section  freely  cn»sH  with  em-h  other.    This 
of  the  pro<;e8s  shows  that  it  may  deiiend  upon  a  great  variety 
*«,  working  together  in  a  very  complex  way.     We  shall  here- 
BniJ  that  the  causes  of  Hcparation  may  oi^iatt^  in  such  a  way 
At  no  aggregation  or  propagation  takes  place  amon;^  the  menib^rHj,  [  . 
>hat  are  separated  fVom  the  old  stock;  but  in  such  cases  there  is' no*^ 
IT  «.-   -".jpLl 1ft 
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sepiimtc  generation,  and  tliorefore  no  st^paration  in  the  sense  in  which 
1  use  tl»i  word. 

Segregategeiicratioii  also  uonsistsof  separation,  aggregation,  ftudinte- 
gration ;  but  it  differs  from  separate  geDeration  in  that  in  the  latter  the  ■ 
separation  is  indiscriminate,  while  in  the  former  tliere  i«  a  more  or  less 
pronoanved  bringing  together  of  those  that  are  similarly  endowed,  with 
separation  of  those  that  are  dittsimilar.  Segregate  generation  is  there- 
fore the  sepiimtiun  of  dissimilars,  with  the  aggregatiou  and  integratioD 
of  similars.  As  we  have  already  seen,  segregate  breeding  may  b**  pn>- 
dnced  by  separate  breeding,  accompanied  by  diversity  of  natural  selec- 
tioD  in  the  different  sections.  It  is  almost  evident  that  any  other  cause 
that  develops  in  one  or  more  of  the  separate  sections  of  the  species 
L'haracters  that  are  not  found  in  the  other  sections  will  ]>rodace  segK- 
gate  breeding.  Such  cases  are  diversity  of  selet^'tion  of  other  forme 
tbim  natural  selection,  diversity  in  the  inlierited  effects  of  use  and  dis- 
ase  (unless  iihysiologists  have  been  mistaken  in  supposing  that  there 
are  any  such  effects),  and  diversity  in  the  inheriteil  characters  derived 
from  the  direct  effects  of  the  environment  (unless,  again,  Weismann  is 
right  and  the  general  belief  wrong).  Segregate  breeding  may  more- 
over be  produced  dinttly  by  the  very  way  in  which  the  separation  of 
the  different  sections  is  secured.  One  of  the  best  examples  of  this  kind 
of  segregation  is  seen  in  what  I  call  industrial  segregation,  where  the 
members  of  a  species  are  distribnte<1  according  to  their  endowments, 
those  (kf  similar  endowments  being  brought  together.  In  such  cases, 
segregation  is  introduced  as  s<M)n  as  the  separation,  without  depend- 
ing on  the  subse<iuent  itction  of  the  environment  or  on  diverse  forms 
of  use,  or  of  selection;  though  there  can  \>e  no  duubt  that,  in  the  great 
majority  of  cases,  diversity  of  use  and  diversity  of  selection  of  some 
kind  will  in  time  come  in  to  intensity  the  result. 

There  is  another  in\-nriable  se<iuence  which  it  is  necessary  we  should 
'  "  '    '  ""■     '  would  understand  the  relation  in  which  these  two 

o  each  other,     I  i-efer  to  the  certainty  that  all  pro- 
■eeding  will  be  transformed  into  segregate  breeding, 
liscnniiuate  separation,  in  which  there  isnoappar- 
le  different  groups,  is  in  time  found  to  be  a  scpara- 
■re  is  a  tlecideil  difference  in  the  different  groupc. 
lent  number  of  the  same  species  to  insnre  propaga- 
'gcther  in  an  isolated  position,  separate  geueratioDis 
this  sepanite  generation  is  long-continned,  we  have 
t  ahvays  jmsses  into  segregate  generation  with  diver- 
he  fundamental  canse  tor  (his  seems  to  lie  in  tlie  fwt 
•ns  ui"  II  s|>«'ies  p<issess  esuctly  the  same  average 
the  initial  differences  are  for  ever  reacting  on  the 
t'ach  other  in  such  a  way  as  to  insure  increasing 
sucocssive  generation  as  long  as  the  indi^iduale  of 
kept  l^i.in  intergcneraiiug.     In  my  paper  on  iMwr- 
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tiig  of  Evolution  under  one  Set  of  External  Conditiotm,  I  spoke  of  this 
principle  of  divergeuce  as  "separation  with  variation;"  but  in  order 
til  distinguish  the  antecedent  conditio!!,  which  is  separation,  from  the 
rMalt,  which  is  something  more  than  variation,  I  now  call  the  certainty 
that  some  form  of  divergent  tranNformation  will  arise  when  inter-genera- 
lioti  is  prevented  the  principle  of  inteiision ;  and  segregation  produced 
hy  independent  transformation  I  call  intenKivo  segregation. 

As  separate  and  segregate  geni-ratioii  are  so  closely  related,  I  have, 
in  order  to  avoid  a  multiplication  of  b^rms,  clasnifled  the  two  principles 
together  under  the  general  term  segregation.  In  my  discassion  of  the 
Clauses  of  segregation  I  shall  however  endeavor  to  determine  coQcern- 
JDg  each  class  of  causes  whether  they  are  primarily  separative  or  seg- 
regative. 

A  full  discnssiou  of  the  causes  of  segregation  would  require  that  under 
each  combination  of  causes  to  which  we  give  a  distinctive  name  we 
sibonld  show : 

(1)  How  the  independent  generation  is  produced. 

(3)  How  the  difference  of  character  in  the  different  set'tions  is  pro- 
daced. 

(3)  How  the  aggregation  in  place  bringing  together  the  members  of 
each  section  is  produced. 

(4)  How  the  correspondence  in  times  and  seasons  necessary  for  inter- 
geoeration  is  secured  within  each  section. 

(5)  How  the  correspondence  of  commituity  and  of  sexual  and  social 
instincts  necessary  for  intergeneration  is  secured  within  each  section, 

(6)  How  the  correspondence  in  structure,  in  dimentdons,  and  in  the 
mutnal  potentiality  of  the  sexual  elements  necessary  for  intergenera- 
tion is  secured  within  each  section. 

It  will  however  be  observed,  that  with  the  exception  of  the  two 
first,  these  questions  relate  to  the  necessary*  conditions  that  must  always 
eiist  in  the  case  of  every  inter- generating  group;  and  as  it  is  evident 
tbat  inter -gen  oration  iu  some  degree  must  be  the  normal  condition  in 
every  sexual,  that  is,  in  every  gamo- genetic  species,  we  may  here  assume 
ibat  all  the  conditions  necessary  to  inter-generation  exist,  except  so  far 
»»  they  have  been  disturbed  by  causes  producing  segeneratiou.  In 
liacing  the  causes  of  segregation  it  will  therefore  be  sufficient  if  in 
eicb  class  of  cases  we  give  the  cause  of  se-generation,  showing  why  the 
t'Mne  cause  does  not  prevent  all  inter-generation,  and  explain  the  differ- 
ence of  character  in  the  different  sections  produced  l)y  the  se-genera- 
tion. In  full  ac<!ord  with  the  implications  of  the  theory  of  evolution, 
fe  proceed  on  the  assumption  that  inter-generation  was  the  original 
condition  of  every  species,  and  that  the  inter-geuerittion  of  those  that 
are  brought  together  under  favorable  circumstances  may  be  taken  for 
granted,  unless  there  is  some  s[>ecial  cause  that  prevents.  All  that  i' 
iiwessary  to  produce  separation  is  the  failure  of  any  one  of  the  mai 
coaditioDson  which  ftee  crossing  depends,  iu  such  a  way  and  to  8ii*-)'^lc 
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a  dflpree  that  the  sjiecies  t'allK  intt>  two  or  more  scctioou,  betwi«u  wbich 
(■T08Hing  is  interrupted,  without  its  being  intemipted  within  tbeboiinils 
of  uueh  Kectioii.  Aud  all  that  is  nevessary  to  produce  segregation  is 
that  to  sepamtioQ  should  be  udded  some  cause  that  secures  difference 
of  vhaiacter  in  the  different  sectioott.  And  as  separatioD  long  ctmtin- 
ucd  inevitably  ends  in  segree:it)0D  through  the  development  of  differ- 
enee  of  character  in  the  different  sections,  we  need  not  in  our  classifi- 
<'atioii  set  thcni  wholly  apart,  though  for  the  sake  of  clearly  recogniz- 
ing the  difference  it  will  be  well  to  note  in  each  class  of  causes  whether 
the  primary  efl'ect  i»  sejiaration  or  segregation. 

CCMri-ATIVE   SKGREGATIOS    AND   THE   CLASSIFICATION   OK    ITS  DIF- 
PEBEST   FORMS. 

The  Aindamental  law  to  which  I  would  call  attention  may  be  expressed 
in  tlie  following  formula :  (^nmnlative  segregation  produces  accnmtUated 
divergence  and  accumulated  divergence  produces  pennanent  segr^a- 
tiou,  and  the  segregate  tiubdivision  of  tlxtse  permanently  segregated 
pioduces  the  divisions  and  subdivisions  of  orgaiuc  phyla.  If  then  we 
can  discover  the  causes  of  segregation,  we  shall  understand  the  causes 
of  a  wide  range  of  phenomena,  for  this  is  the  fnndainental  principle  in 
the  formation  of  varieties,  species,  genera,  famihes,  orders,  and  all 
greater  divergences  that  have  been  produced  in  the  desceodant«  of 
tvmmon  ancestrj-. 

In  treating  of  the  causes  of  segregation  I  have  fonnd  it  convenient 
(I)  make  two  distinct  classifications.  In  ihe  one  the  fundamental  dis 
tinction  is  between  segregation  produced  by  the  purpose  of  man,  wbicli 
I  chH  rational  segregation  in  its  two  forms,  artificial  segregation,  insti 
tutional  segregation,  and  that  produced  by  nature  outside  of  man. 
which  I  call  rcsi>onsive  segregation:  while  any  of  these  forms  of  segre- 
KDlhm  may  l>e  intensiti^nl  by  inde]>eDdent  transfonnation  through  tlie 
IH'IncfpIes  of  diversity  of  sele<tio».  diversity  of  use,  or  diversity  of 
tliiti'l  i>fft>ots  of  the  environment:  and  the  combined  action  of  segrega- 
^r  principh^  of  transformation  I  call  intensive 

itiou  the  liiudaniental  distinction  is  Iwtween 
the  relations  in  which  the  organism  stands  tn 
I  citll  en\'iroiiat  segn-gation.  and  scgregatii>u 
i»s  in  which  the  memlters  of  the  same  species 
ich  I  call  retlc\ive  r*gregaiion ;  while  any  form 
:  to  cither  of  the*e  classes  may  be  enhanced  bj" 
i  of  intension,  ami  thns  present  what  I  call  in 


LOU  can  W>  siudicil  to  advantage  in  the  va--^! 
I  M<-cnntnl;)Uxl  in  the  domesticatjon  of  plants 


DIVEHGENT  EVOLUTION  THROUGH  8BGEEGATI0N.  293 

Arttflcial  ttegrc^gatioD  is  caused  by  the  relatioiiH  in  which  the  organ- 
ism Btaads  to  the  rational  euviroument,  that  is,  ta  the  pmpiisen  of  man. 
hi  other  words,  artificial  segregation  is  the  rational  form  of  environal 
wgregatioii.  Though  the  bearing  of  segregation  on  the  evolatioii  of 
Hpet'ies  in  a  state  of  nature  has  been  for  the  most  part  overlooked,  its 
effects  have  been  (|uite  familiar  to  the  breeder  of  domestic  races. 

Am  a  otDTeuient  method  of  ilhiatration,  let  iia  consider  the  diiferent 
rfKiiJts  that  will  be  gained  according  an  we  mibject  the  same  ten  pairs 
of  wild  rock  pigeons  to  one  or  the  other  of  the  following  methoils  of 
DeatmeDt : 

In  the  first  experiment  let  the  treatment  be  as  follows:  Let  ten  avla- 
ries  be  prepared,  and  in  each  aviary  put  one  male  with  the  female  that 
most  nearly  resembles  it.  When  the  young  of  each  aviary  arrive  at 
maturity,  let  them  be  inspected,  and  if  any  individual  resembles  the 
inmatesof  one  of  the  other  aviaries  more  than  the  inmates  of  the  aviary 
in  vhich  it  was  produced,  let  it  be  placed  with  those  it  most  closely 
Ksembles.  If  any  unusual  variation  arises,  let  it  be  placed  in  a  neXf 
ariary,  and  let  the  one  of  the  other  sex  that  most  closely  resembles  it 
in  that  respect  be  placed  with  it.  When  the  crowding  in  any  aviary 
becvroes  injurions  to  the  health  of  the  birds  let  the  numbers  be  indis- 
mminately  reduced.  Let  this  process  be  continued  many  generations, 
tbe  iumates  io  all  the  aviaries  being  fed  on  the  same  food,  and  in  every 
[fspect  treated  alike,  and  what  will  be  the  lesnltT 

Ho  experienced  breeder  will  hesitate  in  assuring  us  that  under  such 
treatment  a  multitude  of  varieties  will  be  formed,  many  of  whi<tb  will 
be  very  widely  divergent  fix>m  the  original  wild  stock.  In  other  words, 
f^Mulative  segregation  will  produee  accumulated  divergence,  though  there 
"  w>  selection  in  the  sense  in  which  natural  selection  is  selection. 

Again,  let  us  take  the  same  ten  pairs,  and  putting  them  into  one 
large  aviary,  let  them  breed  freely  together  without  any  segregative 
influence  coming  in  to  affect  the  result,  and  who  does  not  know  that 
Ibe  type  would  remain  essentially  one,  though  a  considerable  range  of 
individual  variation  might  arise.  That  is,  teithout  segregation  no  diver- 
geneeoftype  will  arise. 

THE  MATUEAL  LAW  OF  cnMULATIVB  SEGREOATrON. 

I  shall  now  show  that  there  is  in  nature  a  law  of  cumulative  segrega- 
tion. There  are  large  classes  of  activities  in  the  organism  and  in  the 
environment  that  conspire  to  produce  segregate  breeding;  and  to  pro- 
line* it  in  snch  a  way  that  in  a  vast  multitude  of  cases  it  becomes  a 
pennaneut  fact,  which  no  cause  that  we  are  acquainted  with  can  ever 
obliterate.  Moreover,  when  one  form  of  segregation  has  become  fully 
established,  we  find  that  tbe  different  branches  are  liable  to  be  again 
subjected  to  segregative  influences,  by  which  each  branch  is  subdi- 
TiM,  and  in  time  differentiated  into  divergent  t(>rms  that  s^iV^W.- 
liable  to  intercross  in  a  state  of  nature.  '  '-' 
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■Miv*^-  Hud  p>>).TaphiiMl  s^-^n^gation  are  wndilions  which  fan 

,\\  the  sjunc  time  between  the  same  niembei-s  of  any  speoies; 

•fivt  that  when  ther\'  an'  no  natural  bjirriers  scpar 

(Usiriels  n(  »n  »rv:\,  p;»rt  of  which  is  occupied  bj*  J> 

•r  f<HHl  thnuigh  a  great  incn.'a8e  in  the  population 
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will  teud  to  distribute  the  species  over  tli«^  wliole  area;  and  if  the  avail- 
able  resources  iti  the  different  distrietn  are  considerably  diverse,  the 
overflow  of  population  from  the  crowded  disttict  will  bo  subjected  to 
a  necessary  change  of  habits;  and  thus,  through  eoin|)etitiou,  there 
will  be  the  disruption  of  old  relations  to  the  enviroDoient,  and  the 
bringing  in  of  conditions  that  give  the  highest  efficiency  and  the  full- 
ettt  opportunity  to  all  the  activities  that  produce  segregation.  In  the 
case  of  animals,  no  condition  can  tend  more  strongly  to  produce  migra- 
tion than  scarcity  of  food  in  the  old  habitat;  and  in  the  case  of  both 
plants  and  animals,  a  great  increase  in  the  numbers  that  are  expoueil 
to  the  winds,  currentK,  and  other  transporting  intlueuces  of  the  envi- 
ronment iocreases  the  probability  that  individuals  will  be  carrie*!  to 
new  disti-icts  where  cirtnimstances  will  allow  of  their  multiplying,  and 
where  tbey  will,  at  the  same  time,  be  prevented  from  crossing  with  the 
original  stock.  In  many  cases  the  segregation  thus  bronght  about 
will  be  in  districts  where  the  environment  in  the  same,  and  in  other 
cases  the  pressure  for  food  or  other  resources  will  lead  portions  of  the 
species  to  take  up  new  habits  in  the  effort  to  appropriate  resources  not 
previously  used;  and  through  these  new  habits  they  will  often  be  seg- 
regated firom  those  maintaining  the  original  habits.  I  shall  hereafter 
Aow  that  in  both  these  cases  there  is  a  tendency  to  divergent  evolu- 
tion. 

I  at  one  time  thought  of  describing  this  principle  as  a  form  of  segre- 
gation, calling  it  dominattonal  «^«^tton;  but  fuller  reflection  convinces 
me  that  the  domination  of  the  strong  over  the  weak  is  not  a  form  of 
segregation,  but  rather  a  cause  that  prepares  the  way  for  segregation, 
by  forcing  iwrtions  of  the  community  oat  of  their  inherited  relations  to 
llie  environment. 

CHArTER  m. 


A.  ENVIRONAL  SEGREGATION. 
Euvironal  segregation  is  segregation  arising  from   the  relations  in 
which  the  organism  stands  to  the  environment. 

It  includes  four  classes,  which  I  call  industrial,  rbroual,  spatial,  and 
artificial  segiegation.t 

(a)  IndaMrial  Hegrefjatiwi. 

■"  wgregation  arising  from  the  activities  by  which  the  organism  pro- 
tects itself  against  adverse  influences  in  the  environment,  or  by  which 
it  fiuds  and  appropriates  special  resources  in  the  euvironmcnt. 

'In  the  following  cbajitera   Dunierulu  arc  atbaclied  tu  what  1  i-ousitli'r  8iipar:it« 
<MUB  of  Bfgregation  iailejicudetit  ut  humtui  )>arpoHo. 

tFTanuie  Galh)n  lias  Baggested  auolher  tlaae,  which  migLt  api>roi>riateIy  l>i'  ca  i 
fcnUizationftl  Hegrogatiuu.  ^.^tOOJ^IC 
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The  tlift'erent  forms  of  iudiistrial  sofiregatipn  are  sustentstional,  pro- 
tectioDal,  and  iiidiUcatioiial  segregatiou. 

For  the  production  of  iDdostrial  segregation  it  is  necesaary  that  there 
should  be,  in  the  eaine  environment,  a  diversity  of  folly  and  of  approx- 
imately available  resonrces  more  or  less  separated  from  each  other, 
and  in  the  organism  some  diversity  of  adaptation  to  these  resomrc4«, 
accompanied  by  {towers  of  search  and  of  discrimination,  by  which  it  i» 
able  to  find  the  resources  for  which  it  is  best  fitted  and  to  lulhere  to 
the  same  when  found. 

The  relation  in  which  these  caases  stand  to  eadi  other  and  tbrongh 
which  they  produce  segregation  may  be  described  as  separatiou  accord- 
ing to  endowment — produced  by  endeavor  according  to  endowment 

It  is  evident  that  if  Initial  variation  presents  in  any  case  a  diversity 
of  adaptations  to  surrounding  resources  that  can  not  be  followed  with 
out  separating  those  differently  endowed,  we  shall  have,  in  the  veiy 
nature  of  such  variation,  a  cause  of  segregation  and  of  divergent  evo- 
lution. Some  slight  variation  in  the  digestive  powers  of  a  few  indi- 
viduals makes  it  possible  for  them  to  live  exclusively  on  some  abnndant 
form  of  food,  which  the  species  has  lieretofore  only  occasionally  tasted. 
In  the  pressure  for  food  that  arises  in  a  crowed  community  these  take 
up  their  permanent  abode  where  the  new  form  of  food  is  most  accessible, 
and  thns  separate  thranselves  from  the  original  form  of  the  species 
These  similarly  endowed  forms  will  therefore  breed  together,  and  the 
offspring  will,  according  to  the  law  of  diversity  throogh  segregation,  be 
Htill  better  adapted  to  the  new  fdrm  of  food.  And  this  increaMDg 
adaptation,  with  increasing  divergence,  nught  coutinne  for  many  geo- 
erations,  though  every  individual  should  come  to  maturity  and  propa- 
gate; that  is,  though  there  were  no  enhancing  of  the  effect  throngb 
diversity  of  selection,  or  indeed  through  any  other  cause  prodDciog 
intensive  segregation.  And  when  different  forms  of  intention  do  ariae 
they  may  be  entirely  independent  of  change  in  the  environment,  the 
only  change  being  in  the  forms  or  functions  of  the  organism. 

In  choosing  a  name  for  this  form  of  segregatiou  I  first  thongbtof 
calling  it  physiological  or  fonctiooal  segregation;  but  such  a  name  is, 
on  closer  examination,  fotmd  to  imply  both  too  much  and  too  little;  fori 
on  the  one  hand  there  is  probably  no  form  of  segregation  that  is  not  in 
some  way  or  in  some  degree  due  to  physiological  or  iunctional  caubw, 
and  on  the  other  hand  this  special  form  of  segregation  is  as  dependent 
on  psychological  causes  which  guide  the  organism  in  finding  and  in 
adhering  to  the  sitnattou  for  which  it  is  best  fitt«d,  as  it  is  on  the  initial 
divergence  of  the  more  strictly  physiological  adaptations  by  wbicb  iti^ 
able  to  appropriate  and  assimilate  the  peculiar  form  of  resource.  In 
the  case  of  freely-moving  animals  the  psychological  gnidtuic«  is  >" 
essential  factor  in  the  success  of  the  individual;  while  in  thecaaeof 
plants  and  low  types  of  animal  life,  the  snitable  situation  is  reacbfd  by 
a  wide  distribution  of  a  vast  number  of  seeds,  spores,  or  germs,  »oA 
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the  Bame  situation  is  maiutaiaed  by  a  loss  of  migrational  power  as  soon 
as  the  germs  begin  to  develop.  In  these  lower  organisms  it  is  evident 
that  the  saecess  of  the  individual  roust  depend  on  ita  physiological 
rather  than  its  psychological  adaptations;  and  if  an  initial  divergence 
of  adaptations  results  in  a  slight  difference  in  the  kinds  thatancceed  in 
germinating  in  contrasted  sitnatious,  tUi<  difference  is  directly  dae  to  a 
diversity  in  the  forms  of  natural  selection  affecting  the  seed,  and  the 
separation  is  what  I  hereafter  describe  as  local  separation,  passing  into 
local  segregation.  We  therefore  see  that  what  I  here  call  industrial 
segregation  depends  on  psychological  powers  acting  in  aid  of  divergent 
physiological  adaptations  to  the  environment,  or  in  aid  of  adaptations 
that  are  pat  to  different  uses. 

Observation  shows  that  there  is  a  multitude  of  cases  in  which  en- 
deavor according  to  endowment  brings  together  those  similarly  endowed 
and  causes  them  to  breed  together;  and  when  the  species  is  thus  divided 
into  two  or  more  groups  somewhat  differently  endowed,  there  will  cer- 
tainly be  an  increased  divergence  in  the  offspring  of  the  parents  thus 
segregated;  and  so  on  in  each  successive  generation,  as  long  as  the 
individuals  find  their  places  according  to  their  endowments,  and  thus 
propagate  with  those  similarly  endowed,  there  will  be  aocumnlated 
divergence  in  the  next  generation.  Indeed  it  is  evident  that  endeavor, 
according  to  endowment,  may  produce  under  one  environment  what 
natoral  selection  produces  when  aided  by  local  separation  in  different 
environments.  As  it  produces  the  separate  breeding  of  a  divergent 
form  without  involving  the  destruction  of  contrasted  forms,  it  is  often 
the  direct  cause  of  divergent  transformations;  while  natural  selection, 
which  results  in  the  separate  breeding  of  the  fitted  through  the  failure 
of  the  unfitted,  can  never  be  the  caase  of  divergence  unless  there  are 
concurrent  caoses  that  produce  both  divergent  forms  of  natural  selec- 
tion and  the  separate  breeding  of  the  different  kinds  of  variations  thus 
selected. 

Huetttdinal  intention. — Another  law  is  usually  believed  to  be  connected 
with  endeavor  which,  if  it  exists,mnBt  conspire  to  enhance  its  tendency 
to  produce  divergent  evolution.  I  refer  to  the  infiuence  which  the 
habitual  endeavor  of  the  parents  has  on  the  inherited  powers  of  the  off- 
Bjning.  We  may  call  it  the  law  of  endowment  of  offspring  according  to 
the exerciseor endeavor  of  parents,  or,more  briefly,  suetndinal  intension. 
The  inherited  effects  of  use  and  disuse  have  been  fully  recognized  by 
Dsrwin,  Spencer,  Cope,  Murphy,  and  others,  and  need  not  here  be  dis- 
CDBsed,  The  one  point  to  which  I  wish  to  call  attention  is,  that  in  order 
that  diversity  of  nse  should  produce  divergent  evolution,  it  is  necessary 
that  free  crossing  should  be  prevented  between  the  different  sections  of 
the  species  in  which  the  diversity  of  use  is  found.  Sow  this  conditioo 
of  separate  breeding  is  often  secured  by  industrial  segregation.  In 
other  words,  the  law  of  endeavor,  according  to  endowment,  often  se- 
cnn-s  separation  according  to  endowment,  and  this  gives  an  opportubi^ 
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for  the  iiihetitable  efl'ects  of  diversity  of  endeavor  to  be  aticamulated  io 
BuccesKJve  gotienitioiiB,  and  in  tliis  way  both  laws  coiiRpire  t«  prodnct 
divergeut  evolntiou. 

In  the  relation  of  these  two  factorH  we  liavo  a  striking  example  of 
the  peculiar  interdependence  of  vital  phenomena.  Diversity  of  endow- 
ment ia  the  cause  of  diversity  of  endeavor  and  of  segregate  breeding, 
and  diversity  of  endeavor  with  segregate  breeding  in  the  cause  of 
inct'eased  diversity  of  endowment.  It  is  very  similar  to  the  retataou 
between  power  and  exercise  in  the  individual.  Witliout  {wwer  there 
eiui  be  no  exercise,  and  without  exercise  there  can  be  no  coDtinuwice 
or  growth  of  power. 

We  therefore  see  that  the  effects  of  industrial  segregatiou  are 
specially  liable  to  be  enhaneeil  by  that  form  of  intensive  segregation 
which  I  have  suggested  should  be  called  suetuditial  ioteosion. 

Simple  and  familiar  as  the  principles  of  industrial  segregation  and 
snetudinal  intention  may  seem,  their  consistent  application  to  the 
theory  of  evolution  will  throw  new  light  ou  a  wide  range  of  problems. 
This  law  of  divergeut  evolution  through  industrial  segregation  re»U< 
on  facts  that  are  so  fully  acknowledged  by  all  particM,  that  it  seems  to 
be  a  superfluous  work  to  givther  evidence  ou  the  subject.  It  mny 
however  be  profitable  to  consider  briefly  whether  the  cases  are  frequent 
in  which  diflerent  habits  of  feeding,  of  defense,  or  of  uest-bnilding 
become  the  cause  of  separate  bree<ling  by  which  the  same  habits  are 
maintainetl  in  one  line  of  descent  without  serious  interruption  for  many 
generatjona  It  is  important  to  remember,  (1)  that  the  separate  breed 
ing  will  arise  with  eiinal  certainty  whether  the  diversity  in  the  habits 
has  been  initiated  by  original  diversity  in  the  instincts  and  adaptations 
of  the  different  variations,  or  by  the  crowding  of  i>opiilation  inducing 
special  efforts  to  find  new  resources,  and  leading  to  diversity  of 
endeavor;  and  (2)  that  in  either  case  the  result  is  what  is  here  called 
industrial  segregation.  In  the  first  case  the  process  isdirectlysegrejca- 
tive,  while  in  the  second  case  it  is  primarily  separative,  but  (acconliiig 
to  the  principle  discussed  in  the  second  section  of  last  chapter)  inevita- 
bly passes  into  segregate  brec«ling.  Snetudinal  intention,  or  divergeot 
evolution  through  diversity  of  use,  will  operate  as  surely  in  the  on*' 
case  as  in  the  other. 

onal  segregntioH  arises  from  the  use  of  different  methods 
istcntation  by  members  of  the  same  species. 
^  no  doubt  that  of  the  innumerable  cases  where  phyto- 
;s  (as  they  are  sometimes  called)  of  insects  exist,  a  cod- 
[>rtion  would  be  found  on  investigation  to  be  permanent 
icing  offspring  that  are  better  adapted  to  the  use  of  the 
food  consnmeil  by  the  parents  than  are  the  offspring  of 
;  and  it  is  evident  that  if  the  pinrnliar  habits  of  eacb 
tendency  to  produce  segregsttive  breeding  this  result 
enehed;  for  each  variety  would  be  pronuscaoosly  miit- 
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gled  with  every  other,  nud,  though  the  t«ndvticy  to  variiitioti  might  be 
gi'Ciitly  iucrensed,  thi;  regular  prodn<;ti(m  of  any  one  variety  of  young 
would  be  prevented. 

A  large  maRB  of  factx  could  be  easily  gathen'-d  illustrative  of  susten- 
tational  Begregutioii ;  but  nn  the  principle  will  pi-obably  be  deuied  by 
MO  one,  we  should  paiM  ou  without  further  expansion  of  this  part  of 
tlte  subject. 

-.  ProtecHonal  Hegregathn  is  wegregation  froui  the  use  of  different 
nietliods  of  protection  against  adverse  influences  in  the  euvirouiuent^ 
When  a  new  enemy  entera  the  field  (x;cupied  by  any  siiecies  difl'erent 
methods  of  eseaiw  or  defease  are  often  open  to  the  members  of  the 
one  species,  and  the  use  of  these  difierent  methods  must  sometimes 
result  in  the  segregation  of  the  members  according  to  the  methods 
lulopted.  Some  may  hide  in  thickets  or  holes, while  others  preserve 
themselves  by  flight.  Kupposiiig  the  species  to  be  an  edible  butterfly 
occupying  the  ojh'u  tlelds,  and  the  new  enemy  to  be  an  insectivorous 
bird  also  keeping  to  the  oim'u  country,  certain  members  might  escape 
by  takingto  tlie  woodlands,  while  others  might  remain  in  their  old 
huunt,  gaining  thnmgh  protectioinil  selection  more  and  more  likeness 
to  some  inedible  species. 

■t.  Nidifieational  gegreffatton, — I^et  us  now  consider  the  eflects  of 
divergent  habits  in  regard  to  nest-bnilding.  It  is  well  known  to 
American  ornithologists  that  the  clifl'  swallow  of  the  eastern  portions 
of  the  United  States  has  for  the  most  part  ceased  to  build  nests  in  the 
cliffs  that  were  the  original  haunts  of  the  species,  and  has  availed  itself 
of  the  protection  fn>m  the  weather  oft'ered  by  the  eaves  of  civilized 
houses;  and  that  with  this  change  in  nest-building  biLs  come  a  change 
in  some  of  its  other  habits.  Now  there  is  reason  to  believe  that  if  the 
iinmber  of  bouses  ha<l  been  limited  to  a  hundredth  part  of  those  now 
exiNting,  and  if  that  limited  niunber  had  been  very  slowly  supplied, 
this  gradual  change  in  some  of  the  clementsof  the  environment  would 
have  resulted  in  divergent  forms  of  a^laptation  to  the  environment  in 
two  sections  of  the  same  species.  <  >ne  section  would  have  retained  the 
old  habit  of  building  in  the  cliffs,  with  all  the  old  adaptations  to  the 
drcumstances  that  depend  on  that  habit;  while  another  section  of  the 
apecies  would  have  availed  itself  of  the  new  opiwrtunities  for  shelter 
under  the  eaves  of  himses,  and  would  have  changed  their  lidierited 
adaptations  to  meet  the  new  habits  of  nest-building  and  of  feeding. 
It  is  also  evident  that  the  prevention  of  free  int^T-breediiig  between  the 
different  sections  caused  by  the  diversity  of  habits  would  have  been 
an  essential  faetor  ui  the  divergence  of  chanicter  in  the  sections. 

It  simply  remains  to  consider  whether  the  industrial  habit  that  sepa- 
rates ail  individual  from  the  mass  of  the  s^iecies  will  necessarily  leave 
it  alone,  without  any  chance  of  finding  a  consort  that  may  join  in  pro- 
(Ineing  a  new  intergenerant.  The  answer  is  that  there  is  no  such 
necessity.     Though  it  may  sometimes  happen  that  an  individuu]^^^^ 
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be  separated  from  all  <;ompaniou»  by  tt»  industrial  habit,  it  its  usnaUy 
foDDd  that  those  that  at  one  time  aiid  oue  place  adopt  the  habit  u« 
naaally  snfficient  to  keep  up  the  new  strain,  if  they  succeed  in  Becuring 
the  needed  suHteuatice. 

(6)  Ckronal  segregation. 

is  RegregatioD  arising  from  the  rt^Iations  in  which  tlie  or^aiiiHii)  stands 
to  times  and  Heasoiis. 
I  distinguish  two  Ibrms — cyclical  and  seasonal  segregation. 
4.  Cyclical  segregation  is  segregation  arising  from  the  fact  that  the 
life  cycles  of  the  different  sections  of  the  species  do  not  mature  in  tbe 
same  years. 

A  tine  illustration  of  this  form  of  segregation  is  found  in  the  case  of 
Cicada  septemdecim,  whose  metropolis  is  iu  Virginia,  Maryland,  and 
Delaware,  though  many  outlying  broods  are  foaud  in  other  regions 
east  of  the  Kississippi  Birer.  The  tj-pical  form  has  a  life-cycle  of  sev- 
enteen years,  but  there  is  a  special  race  {Cicada  trededm,  Riley)  tbnt  ix 
separated  from  the  typical  form,  both  locally  and  chronally.  As  the 
life-cycle  ot  this  race  is  thirteen  instead  of  seventeen  years,  even  if  oc- 
cupying the  same  districts  and  breeding  at  exactly  the  same  season, 
inter- breeding  conld  occur  between  the  two  forms  only  once  in  two  hun- 
dred and  twenty-one  years,  or  once  in  thirteen  generations  of  the  longer 
lived  race,  and  once  in  seventeen  generations  of  the  shorter  lived  race. 
During  the  year  1885  the  two  races  appeared  simultaneously.  The  op- 
portunity for  testing  whether  they  would  freely  interbreed  if  bronglif 
together  has  therefore  passed  not  to  return  till  the  year  2106;  bat  the 
distribution  of  the  two  races  in  different  districts  seems  to  iudieste 
that  local  segregation  has  had  an  important  influence  in  tbe  develop- 
ment of  the  race.  It  is  manifest,  however,  that  if  during  a  period  of 
local  separation,  or  if  during  the  period  of  two  hundred  and  twenty- 
one  years  of  cyclical  separation  after  the  thirteen-year  race  was  Srst 
formed,  this  race  should  become  modified  in  the  season  of  ita  appear- 
ing, there  would  after  that  be  no  mingling  of  race,  though  brought  to- 
gether in  the  same  districts.  This  would  be  seasonal  segregatiou, 
which  we  shall  consider  in  the  next  section ;  but  what  is  of  special  inter- 
est here,  as  an  example  of  complete  cyclical  segregation,  is  the  fact  tbat 
e  is  a  brood  of  the  septemdecim  form,  dtw* 
■sal  time  of  appearing.* 

e  breeding  of  each  successive  generation  is      | 
Eisore  of  time  which  is  very  rigidly  regulated 
*  species,  cyclical  segregation  will  foUoi^i  '^      I 
ary  combination  of  circnmstances,  members       ' 


'.  Ril«y,  in  Sdenct,  toI.  vi.  p.  4.  For  particaUn  c*"*' 
iblts  of  this  specie*,  »et>  a  |iiper  b;  Prof.  Eiley,  re*d 
r  Wftahinitton.  Maj-  30.  1885.  extracts  from  which  ue 
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fmfficieiit  tu  propa^te  the  species  are  either  haeteoed  or  delayed  in 
their  development,  and  thus  thrown  out  of  synchroual  compatibility 
with  the  rest  of  the  species.  If,  after  being  retarded  or  bantened  in 
development  so  that  part  of  a  cycle  is  lost  or  gained,  tbe  old  coostitu- 
tional  time  measure  reasserts  itself  the  segregation  is  complete. 

So  far  as  this  one  point  relating  to  the  time  of  maturing  is  coneemed 
the  constitntional  difference  is  segregative,  while  in  every  other  respect 
it  will  be  simply  separative,  except  as  separation  passes  into  segrega- 
tion. The  Fall  Biver  brood  of  Cicada  teptemdecim  being  entirely  separ- 
ated from  all  other  broods  of  the  same  race  by  being  belated  a  year 
may  be  modified  by  forms  of  natural  selection  that  never  arise  in  these 
other  broods.  And  this  may  be  the  case  even  if  a  brood  observing  the 
ordinary  time  is  always  associated  with  it  in  locality. 

5.  Seasonal  Megregation  is  produced  whenever  the  season  for  repro- 
duction iu  any  section  of  the  species  is  such  that  it  can  not  interbreed 
with  other  sections  of  the  species.  It  needs  no  argument  to  show  that 
if  in  a  species  of  plant  that  regularly  flowers  in  the  spring,  there 
arises  a  variety  that  regularly  flowers  in  the  autumn,  it  will  be  pre- 
vented from  interbreeding  with  the  typical  form.  The  question  of  chief 
interest  is,  Under  what  circumstances  are  varieties  of  this  kind  likely 
toarisel  Isacasnal  sport  of  this  kind .  likely  to  transmit  to  subse- 
quent generations  a  permanently  changed  constitution  1  If  not,  how 
is  the  new  constitution  acquired  1  One  obvious  answer  is  that  it  may 
arise  under  some  special  inlluence  of  tbe  environment  upon  members 
of  tbe  species  that  are  geographically  or  locally  segregated  from  tbe 
rest  of  the  species. 

But  may  not  the  variation  in  tlie  season  of  flowering  be  the  cause  of 
segregation  that  will  directly  tend  to  produce  greater  variation  in  that 
respect  In  the  next  generation,  and  soon  till  the  divergence  in  the  coo- 
stitntioDal  adaptation  to  season  is  carried  to  the  greatest  extreme  that 
is  compatible  with  the  environmentt  I  believe  that  it  not  only  may 
bnt  must  have  that  effect;  but  we  should  remember  that  the  average 
form  which  flowers  at  the  height  of  tbe  season  will  so  vastly  predomi- 
Dftte  over  the  extreme  forms  that  the  latter  will  be  bnt  stragglers  in 
comparison. 

In  regard  to  the  one  point  of  the  season  of  readiness  for  propagation 
this  principle  is  segregative;  but  in  other  respects  it  is  sijnply  separa- 
tive, unless  through  the  principle  of  correlated  variation  other  char- 
acters are  directly  connected  with  the  constitution  that  determines  the 
feasoD.  It  will  be  observed  that  seasonal  segregation  is  produced  by 
a  parallel  and  simultaneous  change  in  tbe  conslitution  of  members  in 
one  place suflicient  to  propagate  the  species;  while  cyclical  segregation 
is  prodm'eii  by  a  simultaneous  acceleration  or  retardation  in  the  devel- 
0]>iiientof  members  in  one  place  sufficient  to  propagate  the  species 
without  disturbing  tbe  regular  action  of  tbe  constitution  under  ordi- 
nary circumstances.  L:,y,i,^eu  l,  GoOQ  Ic 
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{c)  Spatial  xegrrgation 

is  segregation  arising  from  tlie  relations  in  wiiieli  tli(^  orgaBisni  Htands 
to  apace, 

I  distinguish  two  forms,  viz;  geographical  and  local  segregation. 
Oeographical  segregation  is  NCgregatioii  that  arises  from  the  distribu- 
tiou  of  the  species  in  districts  separated  by  geographical  barriers  that 
prevent  free  inter -breeding.    Decided  differences  of  climate  in  neigh- 
boring districis  and  regions  may  be  classed  as  geographiciil  barriers. 

Local  segregation  is  segregation  that  arises  wheu  a  species  wilh  small 
powers  of  migration  and  small  opportunities  for  transportation  bag 
been  in  time  very  widely  distributed  over  an  area  that  is  not  subdi 
vided  by  geographical  barriers.  The  segregation  in  this  case  is  due  to 
tlie  disproportion  between  the  size  of  the  ai-ea  occupied  and  the  powent 
of  communication  existing  between  tlie  members  of  the  species  occu- 
pying the  difterent  parts  of  the  area.  Though  it  is  often  difficnlt  to 
say  whether  a  given  case  of  segregation  should  be  classed  as  geograph- 
ical or  local,  still  the  distinction  will  be  found  nseful,  for  the  results 
will  ditler  according  as  the  segregation  in  chiefly  due  to  barriers  or  to 
wide  diSusion  of  the  species.  In  geograjihical  segregation  the  result 
is  usually  the  deveiopmentof  welldefined  varieties  or  6i>ecip8on  opiw- 
site  sides  of  the  barriers;  but  in  local  segregation  it  often  hajipenslliat 
the  forms  found  in  any  given  locality  are  connected  with  those  in  sur- 
ronnding  localities  by  individuals  presenting  every  shade  of  interme- 
diate character;  and  in  general  terms  it  may  be  said  that  the  forms 
most  widely  separated  in  space  are  most  widely  divergent  in  charac- 
iO  divergence  has  reached  a 
^  occupy  the  same  districts 
pt  apart  by  some,  if  not  iill, 
I,  conjunctioual,  and  imprcg- 

ation  may  be  distiiiguislifd 

produced,  viz: 

jwers  of  locomotion  in  the 

>y  activities  in  the  environ- 
ITerent  districts  (prominent 
d  of  water,  and  the  action  o( 
dy  cling). 

jgical  changes  dividing  the 
more  sections.  For  exam' 
continuous  area  occupied  hy 
■bannels  which  the  creafnrw 

ply  in  that  the  former  ia  the 
and  the  latter  of  activities 
ibution  of  every  species  dfr 
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penils  on  tbe  combined  action  of  both  classes  of  activities,  it  is  usually 
easy  to  determine  U>  nliicli  class  the  carrying  power  belongs.  The 
<liialitie8  of  the  thistle  down  enable  it  to  float  in  the  air,  bnt  it  is  the 
wind  that  itarrics  it  afar. 

Some  degree  of  local  segregation  exists  whenever  the  members  of  a 
s|ietie8  prodnced  in  a  given  area  are  more  likely  to  interbreed  with  ea«!h 
otiier  thaD  with  those  produced  in  surrounding  areas,  or  whenever 
e^tnvmlinary  disperaal  plants  a  colony  beyon<l  the  range  of  ordinary 
dJR|>ersal.  In  other  words,  when  those  produced  in  a  given  district  are 
more  nearly  related  with  c-ch  other  than  with  those  produced  in  sur- 
rounding districts,  there  local  negregation  has  existed. 

There  is  one  importiiiit  respect  in  which  spatial  segregation  differs 
from  all  other  forms  of  envirounl  segregation,  namely,  in  its  ordinary 
operation  it  does  not  depend  directly  upon  diversity  in  the  qualities  and 
powers  of  the  organism.  The  dispersion  of  the  members  of  a  species 
would  not  be  prevented  if  each  was  exactly  like  every  other;  though 
of  course  if  there  were  no  power  of  variation,  separat*!  breeding  would 
bave  no  influence  in  producing  divergence  of  character.  It  follows  that 
every  species  is — or  in  more  or  leas  liable  to  be — affected  by  spatial 
wgregation ;  and  it  often  happens  that  other  forms  of  segregation  arise 
through  the  previous  operation  of  this  form;  but  as  spatial  segregation 
prevents  organisms  firom  crossing  only  when  separated  in  space,  it  must 
always  be  re-enforced  by  other  forms  of  segi'egation  before  well-defined 
apecies  are  prodnced  that  are  capable  of  occupying  the  same  district 
without  inter -breeding.  TheTastma,jorityof  the  divergent  forms  arising 
tlirongh  local  segregation  are  re-integrated  with  the  surrounding  forms, 
new  divergences  constantly  coming  in  to  take  the  place  of  the  old;  but 
if,  during  its  brief  period  of  local  divergence,  industrial  or  chronal 
w^gation  is  introduced,  the  variety  becomes  more  and  more  differen- 
tiated, and,  as  one  after  another  the  different  forms  of  reflexive  segre- 
gation arise,  it  passes  into  a  well-defined  species.  There  ia  however 
i«aAon  to  believe  that  the  order  of  events  is  often  tbe  reverse,  reflexive 
forms  of  segregation  being  the  cause  of  the  first  divergences. 

As  spatial  segregiition  does  not  depend  upou  diversity  in  tlie  quali- 
ties and  powers  of  the  organism,  so  also  it  does  not  usually  result  in 
distributing  the  organism  in  different  localities  according  to  their  dif- 
ferences of  endowment.  The  canses  that  produce  it  are  primarily 
separative,  not  segregative. 

Migration  ia  prodn^d  by  the  natural  powers  of  the  organism,  acting 
Quder  the  guidance  of  instincts  that  usually  lead  a  group  of  individuals, 
capable  of  propagating  the  species,  to  migrate  together;  while  the 
organisms  that  are  most  dependent  on  activities  in  the  environment  for 
tbeir  distribution,  are  usually  distribuhMl  in  the  form  of  seeds  or  germs, 
any  one  of  which  is  capable  of  developing  into  a  complete  community. 
The  canses  of  separation  between  the  different  sections,  and  of  integra- 
tion between  the  members  of  one  section,  are  therefore  sufficieoUfilc 
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clear,  but  what  are  the  causes  of  difference  of  character  in  the  diff^reot 
sectious,  especially  when  they  are  exposed  to  the  same  eDvironmentl 
These  causes  all  come  onder  what  I  call  ioteDsive  segregation,  wliicb, 
for  the  sake  of  saving  repetition,  will  be  fiiUy  discussed  in  a  separate 
paper. 

(d)  FertilizatumfU  segregation.  i 

Since  writing  this  chapter  on  environal  segregation  I  have  seea  | 
Franvis  Oalton's  short  article  on  "  The  Origin  of  Varieties,'*  pnblishetl  ' 
in  Nature,  vol.  xxxiv,  p.  395,  in  which  he  refers  to  a  caose  of  segrega- 
tion that  had  not  occurred  to  me.  He  says :  "  If  insects  visited  pr» 
miscaonsly  the  flowers  of  a  variety  and  those  of  the  parent  stock,  then, 
supposing  the  organs  of  reproduction  and  the  period  of  flowering  to  be 
alike  in  both  and  that  hybrids  between  them  could  be  produced  by 
artificial  cross-fertilization,  we  should  expect  to  find  hybrids  in  aboii- 
dance  whenever  members  of  the  variety  and  those  of  the  original  Btock 
occupied  the  same  or  closely  contiguous  districts.  It  is  hard  to  accoaot 
for  OQT  not  doing  so,  except  on  the  supposition  that  insects  feel  repng- 
nance  to  visiting  the  plants  interchangeably." 

9.  Following  the  form  of  nomenclature  adopted  in  this  paper,  I  vent- 
ure to  call  this  principle /erttltzational  segregation. 

It  is  evident  that  segregation  of  this  form  depends  on  divergence  of 
character  already  clearly  established,  and  therefore  on  some  other  form 
of  segregation  that  has  preceded.  It  is  also  segregative  rather  tban 
separative,  in  that  it  perpetuates  a  segregation  previously  produced, 
which  might  otherwise  be  obliterated  by  the  distribution  of  the  dif^r' 
ent  forms  in  the  same  district.  The  form  of  segregation  that  precedes 
fertilizational  segregation,  producing  the  conditions  on  which  it  de- 
pends, must,  from  the  nature  of  the  case,  be  local  segregation.  Ghrooal 
and  impregnational  segregation,  when  imperfectly  established,  migtit 
be  fortified  by  fertilizational  segregation ;  bat,  in  the  case  of  plaots, 
these  are  all  dependent  on  previous  local  segregation. 

(fi)  Artificial  segregation. 

Artificial  segregation  is  segregation  arising  from  the  relatione  in 

— ■.:»!.  *K i„m  stands  to  the  rational  environment.    As  theoper- 

3  is  familiar,  and  as  it  was  considered  in  the  last  cbap- 
ng  the  effects  of  segregation,  we  pass  on,  Biiupl.v 
»  the  fact  that  it  is  a  form  of  environal  segregatiof' 

PORTANCE  OF  GNVTROKAL  SEGREGATION. 

isnme  that  the  various  forms  of  environal  segregation 
en<«  in  the  formation  of  species  because  Bexual  f" 
iconipatibility  is  a  more  essential  feature,  withonf 
Ktinctions  are  liable  to  be  swept  away.  Tlie  impor- 
of  segregation  discnssed  in  this  chapter  lies  in  t^e  fact 
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tbftt  they  nften  o[)eii  the  way  for  the  entraDce  of  the  more  fundaiueiital 
forms  of  aegregation,  even  if  they  are  not  easenttal  conditions  for  the 
ilevelopmeut  of  the  same.  Though  myriads  of  divergent  forms  pro- 
daced  by  local  and  industrial  segregations  are  swept  away  in  thestrug- 
gip  for  existence,  and  myriads  are  absorbed  in  th«  vast  tides  of  crossing 
and  iiiter-crossing  currents  of  life,' the  power  of  any  species  to  prodnce 
more  and  more  highly  adapted  variations,  and  to  segregate  them  in 
gronps  that  become  specially  adapted  to  special  ends,  or  that  grow  into 
specific  forms  of  beauty  and  internal  harmony,  is  largely  dependent  on 
tbese  factors. 

I  Chapteb  IV. 

BEBCBIPTION  AND  CLASSIFICATION  OP  THE  CAUSES  OP  CtTMULATIVE 

SEGREGATION  (continued). 

B.  REFLEXIVE  SEGREGATION. 

Reflexive  segregation  is  segregation  arising  from  the  relations  in 
which  the  raemberK  of  one  species  stund  to  each  other. 

It  includes  three  classes,  which  I  call  coujunctioual,  impregnational, 
and  institutional  segregation. 

It  is  important  to  observe  that  intergeneration  requires  compatibility 
in  all  the.  circle  of  relations  in  which  the  organism  stands;  but,  in  order 
to  insure  segregation  between  any  two  or  more  sections  of  a  species,  it 
is  Buffieient  that  inc^onipatibility  should  exist  at  but  one  point.  If 
nther  sexual  or  nocial  instincts  do  not  accord,  if  stmt^tural  or  dimen- 
suonal  characters  are  not  correlat«d,  if  the  sexual  elements  are  not 
ODtaally  potential,  or  if  fixed  institutions  hold  groups  apart,  inter- 
Eieneration  is  prevented,  and  se-generation  is  the  result,  either  as 
segregation,  or  as  »ei>aration  that  is  gradually  transformed  into  segre- 
gation. 

(«)  (lonjnnctiiynal  seffregatUm. 

Conjunctional  segregation  is  segregation  arising  from  the  instincts 
l>y  which  organisms  seek  each  other  and  hold  together  in  more  or  less 
coDipact  communities,  or  from  the  powers  of  growth  and  segmentation 
in  connection  with  self-fertilization,  through  which  similar  results  are 
sained. 
I  I  distinguish  four  forms,  social,  sexual,  germinal,  and  tloral  segre- 
gation. 

10.  Social  gegrfyation  is  produced  by  the  discriminative  ai.-tion  of 
social  instincts. 

The  law  of  social  instinct  is  preference  for  that  which  is  familiar  in 
oue'a  companions;  and,  as  in  most  cases  the  greatest  familiarity  is 
g»iued  with  those  that  are  near  of  kin,  it  tends  to  produce  breeding 
vjthiu  the  clan,  whicli  is  a  form  of  segregate  breeding.  If  the  clan 
uever  grows  beyond  the  powers  of  individual  recognition,  or  if,ttie|^' 
H.  Mis.  334,  pt.  1 20  '- 
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t>i«  Maine  M^d  tban  by  poHen  prodiiL-eU  from  a.ny  oOmo-  iiih-  «e«l.  tlKO 
germinal  Hegregation  ift  the  resolt.  ' 

Id  order  to  eecnre  this  kind  of  segregattou  it  is  mat  iiininmii  i  that 
the  flowen*  fertilized  hj  pollen  Irom  the  same  plaan  dimild  )*e  -marc 
lertile,  orthe  »^ed8  capable  of  prodncing  more  Tigoraa^  jjIbitt*  -iimn  flu. 
dowt>r«  fertilized  by  pollen  fix>m  aoother  plant,  AO  Man  >k  requinttlw 
that  of  the  seeds  produced  a  larger  number  shall  be  fertilixttd  1>t  tbe- 
piilWB  t>f  (be  same  plant  tban  by  the  pollen  of  any  otbsr  mu-  jilanL 

T\VA  fora  of  segregatiou  is  closely  related  to  local  AugmpuGiau  ou  iw  ' 
Hiilv,  «tt>i  ti>  !ioeial  segregation  on  the  other.     It  bovtoiur  dififsv  fim 
rliH  facaatc  in  that  it  does  not  depend  on  migratioD  or  'Gmmpartaiaaiu  ' 
;iiitt  Irom  tb«  bttn  iu  that  it  tloes  not  de|>eDd  on  KotiaiJ  iuflfchiatK. 

W:  FUtnil  ne^rtfatUm  is  segregation  arising  from  the  -tAitmesi  fiim  i4 ' 
■<4-lt'  lertilizatiuD.  oaBiely,  the  fertilization  of  the  omVc  -tif  a  Jli>wer  ^  ' 
iH>llt>(i  I'nim  thK  sute  flower. 

Miiiiy  plaiir»  that  in  their  native  haunts  are  fre<|afBtlT  <iroRMid  \k 
iliti  xMstts  of  iotwvts  depend  entirely  on  setf-fntitizaniw  -vrbun  ttb!- 
iMiHixl  m  oihtT  i-uanrrieswbere  no  insect  is  foond  to  pwiwaa  i^  sum 
^  i-vii»  I'ur  ih(*m.  Tb«  ct}mmaayt»iPi**m  uttirmm  3^  am  «xaBi}4e<rf^ 
■\  ttKi  >i>K  rluit  liabifnaHy  fertiSzes  its^  in  Engtasd.  tlKm^  I>ar<riii 
it'iioil  iliMt  -l  niif^  v>-nr  r:uvly  viiHted  by  insect*  that  «>m  «af«aMeof 
•  .ti>iii>^  iiii>  |H>llt'n.*  Dunrin  >Uso  iDeotit«.t  fffkry*  tpif^rm  »s  an 
nil  tiiil  <tiiii>i  -  liib^  ^limofC  t^nainly  been  prwpa^Mi!*!  ia  a  s4at«  irf 
•I. >>'!•>'  iKi  iiiiKi-uiids'it  i'r'neraCioDS  vttbn*it  harin*;  ban  oner  inter- 

\  iii,  I  ..(   ^>i<.tt   mitHirr;int¥  in  it«  htRuio:;  on  the  mt;!!^  of  vari^ie.^ 

,).  .>iiil  i<i<  lunv  imteit.     Any  Tariati'io.  arisiD£  ao  a  ■<«>-«alhd  sport,  is 

.11.,  ..io<i|i  t'l'  )<ltiti(s  where  fither  nf  thc:M-i«ic«ip«bb  is  acting  strongly, 

„ili  III'  iv^lirttntHt  tntm  crosfiny,  and  will  be  i«w«^eti  except  in  so  far 

.<^  ii  ti>i4i>iu  (akt>t<  place.     Now  tlicnt  In  alwayf'i  possibility  that  some 

I.I    Mm  a(iKi't<K>ttiiig  branrheM   nf  dcHi-ent  will   um;   r«vert,  and  that 

ll>uiut)lt  tlit<  Hiweiiil  character  whir-li  tlicy  |>aseeM»  in  common,  they  will 

oxiiiii  tiiiit>  Mature  the  serviccH  of  lumie  irinect  thai  will  give  them  the 

I- fertilization  with   ciu-li  other   witfaoat  crossing  with 

The   [Miwcr  of  atlniiiing  new  adaptations  may  be 

fertili»ation,  'H-4;iLMioiiiilly  iiitermpted  by  inter-breeding 

t  of  another  ¥.Uwk ;  for  the  latter  is  favorable  an  iutro- 

il  variation,  and  i\w  fonner  as  giving  opportunity  for     i 

n  (>t  variiitioim.  | 

(6)  Imprifptiitional  negregatwn. 

al  Hegrcpitioii  is  due  to  tiie  different  relations  in  wfaicb 
'  a  s|)ecics  staixl  to  citcli  other  in  i-egard  to  the  giossi- 
roducing  fertih*  oft'spring  when  tliey  consort  together. 
M  uDd  seir-rcrtilir.iiliiiii  In  l)i<'  vi>Kclal>le  kinBdom,'*  p.  Jltl. 

,11.  «9.  L.J.I.-,    ,,yV_TOO^rC 
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[n  order  that  impregnational  segref^ation  should  be  eatHblished  and 
perpetaated  it  is  necessary:  First,  that  variation  should  arise  from 
wbich  it  renuItB  that  those  of  one  kind  are  capable  of  producing  vigor- 
iNiH  and  fertile  offspring  iu  greater  numbers  when  breeding  with  each 
ntlier  than  when  breeding  with  other  kinds;  second,  that  mutoally 
ivropatible  forms  should  be  so  brought  together  as  to  insure  propaga- 
liiiu  throngb  a  series  of  geniTatiotis.  In  order  ttt  secure  this  second 
WDditiou  it  is  necessary  that,  in  the  case  of  plauts,  there  should  be 
some  degree  of  local,  germinal,  or  floral  segregation,  and  in  the  case  of 
animals  that  pair,  either  pionouuced  local  segregation,  or  partial  local 
segregation  supplemented  by  social  or  sexual  segregation.  The  tirst 
of  these  factors  I  call  negative  segregation,  as  contrasted  with  all 
other  forms  of  segregation,  wliich  I  group  together  as  positive  segre- 
gation. 

(rteach  form  of  segregation  whit:h  we  have  up  to  this  point  eonsid- 
emi,  the  segregatiug  cause  has  been  one  that  distributes  individuals 
itf  the  same  species  in  groups  between  which  free  inter-generation  is 
checked;  while  the  propagation  of  the  different  groups  depends  simply 
on  the  origi  lutl  capacity  for  inter- generating  commou  to  all  the  members 
of  the  species.  The  intercrossing  has  been  1in>ite«l  Hot  by  the  capacity 
bttt  by  tlie  opportunity  and  inclination  of  the  members.  Coming  now 
to  cases  in  which  the  lack  of  capacity  is  the  cause  that  checks  the  ])ro- 
durtioii  of  mongrels,  we  find  a  dependence  of  a  very  different  kind;  for 
t<>  insure  the  propagation  of  the  different  groups  it  is  not  enough  that 
the  general  op]>ortunity  for  the  members  to  meet  and  consort  remains 
nnimpaired.  Tliere  must  be  some  additional  segregating  influence 
bringing  the  members  together  in  groups  corresponding  to  their  seg- 
regate capacity,  or  they  will  fail  of  being  propagated. 

A^  partial  exception  must  be  made  in  the  case  of  i>otential  and 
pre-potential  segregation,  the  latter  being  due  to  the  pre-[»tency  of 
the  pollen  of  a  species  or  variety,  on  the  stigma  of  the  same  species 
nt  variety  and  the  former  to  the  complete  impotence  of  the  foreign 
Iwlleu.  When  allied  species  oJ"  plants  are  iiromiscuously  distrib- 
uted over  the  Slime  districts,  and  flowering  at  the  same  time,  pre-iio- 
t«iify  of  this  kind  is  one  of  the  most  direct  and  eltic^ient  causes  of 
^gregate  breeding.  The  same  must  be  true  of  varieties  similarly  dis- 
'^ribnted  whenever  this  character  begins  to  afl'ect  them.  In  the  ease, 
luiwever,  of  dioecious  plants  >iud  of  plants  whose  ovules  are  incapable  of 
*KiBg  impregnated  by  pollen  from  the  same  plant,  no  single  plant  can 
propagate  the  species.  If  therefore  the  individuals  so  varying  as  to 
^pre-potent  with  ea<:h  other  are  very  few  and  are  evenly  distributed 
amongata  vast  number  of  the  original  form,  they  will  fail  of  being 
^P«gated  through  failing  to  receive  any  of  the  ]»re-potent  pollen.  It 
'"  thus  apparent  that  when  the  mutually  prepotent  form  is  represented 
H  i^mparatively  few  individuals,  their  propagation  without  en>9ain(j 
"ill  depend  on  their  being  self  fertile  and  subject  to  germinal  or  llort*^k' 
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scRregittion,  or  on  tlieir  beiiiK  broiiglit  together  by  some  or  otiier  form 
of  iKJsitivi".  oegregatioii. 

Whmi  a  coiisUlerabli!  niunbtir  of  siM^cies  of  iilimts  are  wmmiDglnl 
and  are  flowering  at  tbo  same  time,  their  ueparate  propagatiou  is  pre 
served,  in  no  small  degree,  by  the  pre-pot«atial  Begregation  of  tfaow 
that  arc  most  nearly  allieil,  and  by  the  complete  potential  segregation 
of  those  that  belong  to  different  families,  orders,  and  classes.  Tlie 
same  principle  must  come  in  to  prevent  the  crossing  of  different  ^ 
cies,  genera,  families,  and  orders  of  animals  whose  fertilizing  elemeDCs 
are  distribnted  in  the  ^ater.  We  must  therefore  consider  it  a  form  of 
[wsitive  as  well  as  negative  segregation ;  for  tbefreedistribntiouof  the 
fertiUzing  element,  with  the  sui>erior  affinity  of  the  two  sexual  elemeDb 
when  prodnced  by  those  that  are  mutually  pre-potential,  secnres  tJiv 
inter-breeding  of  those  that  are  mutually  pre-potential. 

Impregnational  segregation  generally  exists  between  the  differeot 
species  of  the  same  genus,  almost  always  between  species  of  different 
genera,  and  always  between  species  of  different  families,  orders,  clasHes, 
and  all  groups  of  higher  grade.  And  in  all  these  cases  it  is  associat«il 
with  other  forma  of  segrcgatiou,  and  whenever  it  has  once  becouie 
complete,  it  has  never  been  known  to  give  way.  Though  complele 
umtual  sterility  never  gives  place  to  complete  mutual  fertility,  in  evei7 
case  where  the  descendants  of  the  same  stock  have  ()evelo|>cd  intodif 
ferent  classes  or  orders,  and  in  most  cases  where  they  have  developed 
into  different  families  of  genera,  the  reverse  process  has  taiien  place, 
and  complete  mutual  fertiUty  has  given  place  to  complete  mutual  ster- 
ility. 

Under  Impregnational  segregation  I  distinguish  five  priuuiples. 
namely,  segregate  size,  segregate  structure,  potential  and  pre-pr)teiiti3l 
segregation,  .segregate  fecundity,  and  segregate  vigor. 

14.  Segregate  Hize  is  caused  by  incompatibility  in  size  or  dimeusioiiiv 
As  familiar  illustrations  of  this  form  of  segregation,  I  may  mention 

the  following :  The  largest  and  smallest  varieties  of  the  ass  may  ran  in 
the  same  pasture  without  any  chance  of  crossing.  I  have  also  kepi 
Japanese  baubiiu  fowls  in  the  same  yard  with  other  breeds  without  aiij 
crossing.  In  many  other  species  individuals  of  extreme  divergence  in 
size  are  incapable  of  iuter-bre<>ding. 

15.  fiegregate  ulrurtHre  i&  causeil  by  the  lat'k  of  correlation  iu  tbepro- 
jKtrtionate  size  of  different  organs  and  by  other  incompiitibilitiesof 
stmctnie. 

Darwin  suggests  that  the  impossibility  of  a  cross  between  certain 
species  may  be  due  to  a  lack  of  corresi»ondeuce  in  length  of  tlie  I'o"''" 
tubes  and  pistils.  Such  a  lack  of  harmony  would  i>erhap8  aw-onut  f"' 
difference  of  fertihty  in  reciprocal  crosses. 

Segregate  stmcture  does  not  usually  arise  till  other  forms  ol  segre- 
gation have  become  so  well  established  that  difference  of  utractnredn"'" 
not  nnike  any  essential  difference  in  the  anionnt  of  inter-generatiu"- 
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It  is  not  tiowever  impouHiblo  that  species  that  would  otberwine  be  Ter- 
tile  inter  sc  are  thus  held  apart.  In  Broca's  work  on  "  Hnman  Hybrid- 
ity"*  tliere  is  a  piissiigo  quoted  from  I'lof.  Serres,  ahowing  that  it  is 
very  [msHible  that  this  fotm  of  incompatibility  may  exist  between  cer- 
tain races  of  man. 

16.  Potential  aegregation  and  pre-poteKtial  aegreffatioH. — ^These  are 
caused  by  more  or  less  free  distribation  of  the  fertilizing  element, 
together  with  the  greater  rapidity  and  |)ower  with  wliich  tbe  sexnal 
elements  of  the  same  species,  race,  or  individual  combine,  as  contrasted 
with  the  rapidity  and  power  with  which  the  elements  of  different  spe- 
dee,  races,  or  iodividnals  combine.  Potential  segregation  is  caused 
by  the  mutual  impotence  of  the  contrasted  fonuR,  as  is  always  the 
cttte  between  different  orders  and  classes,  and  pre-potential  segregation 
i8  caused  by  the  superior  itifinence  of  tbe  fertilizing  element  from  the 
Rtne  species,  race,  or  individnal,  as  contrasted  with  that  from  any 
other  species,  race,  or  individnal,  when  both  are  applied  to  the  same 
female  at  the  same  tiuie,  or  Hometime^  when  the  prepotent  element  is 
apphed  many  hours  after  the  other. 

For  the  operation  of  this  prinbipal  the  fertilizing  element  from  differ- 
ent males  must  be  brought  to  tbe  same  lemale. 

When  pollen  from  a  contrasted  genus,  order,  or  class  has  no  more 
effect  than  inorganic  dust,  it  seems  appropriate  that  we  shoold  call  the 
result  potential  segregation  rather  than  pre-iKttential  segregation,  which 
imphes  that  the  foreign  :ih  well  as  the  home  pollen  iscapableof  produc- 
iDg  impregnation.  Prc-potential  segregation  may  be  considered  the 
initial  form  of  potential  segregation,  the  former  passing  threugh 
innumerable  grades  of  intensity  in  the  latter.  We  may  therefore  con- 
sider the  principles  as  f\indamenta)ly  one,  thongh  it  will  be  convenient 
to  retain  both  names. 

The  importance  of  this  principle  in  producing  and  preserving  tbe 
diversities  of  the  vegetable  kingdom  can  hardly  be  overstated.  If 
pollen  of  every  kind  were  equally  potent  on  every  stigma  what  would 
tlieresnlt  bet  What  distinctions  would  remaini  And  if  potential 
segregation  is  necessary  for  the  preservation  of  distinctions,  is  it  not 
ei|Dally  necessary  for  their  prodnctionT  Amongst  water  animals  that 
do  not  pair  the  same  principle  of  segregation  is  probably  of  equal  iiti- 
portauce.  Concerning  this  form  of  segregation  many  questions  of  great 
interest  suggest  themselves,  answers  to  which  are  not  fonnd  in  any 
investigations  with  which  I  am  acquainted.  Some  of  these  questions 
Me  as  follows : 

(1)  Are  there  many  cases  of  pre-potential  as  well  as  of  i>otential  seg- 
regation between  different  forms  of  water  animalsT 

(2)  Is  pre-potential  segregation  always  accompanied  by  segregate 
fecnndity  and  segregate  vigorT 

'  Knglish  trnnslatioii  piibliHhfd  liy  tlii-  AntliroiHiloRif ul  Sot-iuty  of  Lootlon;  jfc^'*- 
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,;i)  If  not   always  associated,  which  of  the  three  priuuipleH  first 
wuiHHU-d.  aud  what  are  their  relations  to  each  othert 

(4)  When  allied  organisms  are  separated  by  complete  euvironal  seg- 
regation are  they  leas  Kable  to  be  separated  by  these  three  principles! 
Darwin  has  in  several  places  referred  to  the  influence  of  pre-potency 
in  pollen,  and  in  two  plac*^  I  have  foond  reference  to  the  Ibrm  of  pre^ 
potency  that  pn»dnct«  st^regation ;  but  I  find  no  intimation  that  he 
regarded  thin  or  any  other  form  of  segregation  as  a  caose  of  dive^nt 
evolution,  or  u  a  neeeasary  oonditioa  for  the  operation  of  causes  prt 
dncing  divergtait  evotntioa.  The  effect  of  pre-potency  in  poll«u  (rem 
another  {riant  in  preventing  self-fertilizatioQ  is  considered  in  the  tenth 
ebapter  of  his  wort  on  '-Cross  and  self  fertilization  in  the  vegetable 
kingdom.''  pp.  381-400.  Some  very  remarkable  observations  concein- 
ing  the  pre-potcncy  of  poDen  from  another  variety-  ftom  that  in  which 
tbeKtigma  grow^.  are  recorded  in  tWswiN?  chapter;  but  no  reference  is 
there  made  tn  the  dTet-t  that  ■MtiC  i»  (Hvduwfd  when  the  polleu  of  each 
Taiiety  Is  pre^potent  on  iW  «3?im  •>'  Un*  name  variety.  In  the  sii 
tccDtb  ehaptcT  of  -  v»r*.-n«  irtiitp  L>Mme8tication  "  it  is  snggested 
tktt  pre-i*Mennr  «f  rt^  i"^''  ■»"-'"  •**  *  *^'*'»s«  »f  different  varietiesof 
dMohle  b<dlvh.«-k  r-w--^"^  ih*«.seives  truly  when  gn»wing  in  oi.e 
bed:  th.«sh  tfa««  »»  "~-  ""■  '■■o*^^  *»>ich  the  freedom  from  mm- 
ix."  !■  thi-  ***  fc**  ■**"  *■•'''"'«'■  Again,  in  chapter  viii  of  ftc 
fifth  edjo-o*  ..-  :«  "^  ^*^"'  '''  SI******,"  ill  the  section  ou  "The  , 
oriein  and  ««*-  "  """'*'-'•  ',*"*'"•  '^^*  maintaining  that  the  . 
.nmal  s»«r.T  "  ^^**  "  ^  '''"'  ^  °«^'^'  selection,  refers  topre- 
«tencT  rf  :*«-'""'  ""  ^*  '^"'f^"°S  as  a  quality  which,  oc«nr- 
SrS««*  --■^-  •  ■'■^'*^"'  *""!*' P'-e^^"*  deterioration  of  ohar«v 
^^^iVTv^  ---    '»-t^'"'  be  an  advantage  to  a  species  in  the 

'**•  "^    ■>-.  ""^  -K-.wilingly  subject  to  accumulation  throngh 

w  to  w>n8truet  a  possible  theory  for  the  intra 
w.  allied  Biwcies  by  means  of  natural  selec- 
Hiinply  to  iMld  the  supiwaition  that  sterility 
.IV  iKitomy.  He  however  for  several  reasons 
wioh  dependence  of  mutual  sterility  on  the 
II.  ( ^oucerning  the  pre-iwtency  he  makes  no 
iittlyjildgethathe  continued  to  regard  itas 
Hi  tlin)Ugh  the  action  of  natural  seleetiou. 
I  lioint  that  I  wish  to  give  reasons  foradif- 
thtit  qualities  simply  producing  segregation 

by  natural  selection,  for 

rittiou  umiesiu  between  two  sections  of  a 
*>  tiKgregiitc,  subject  to  modification  throngb 
l»M-ta.  lloth  will  be  subject  to  similar  forms 
>  long  lis  the  circamstaneea  of  both  and  the 
•<i"<ilj.'  H-.-I1I  written,  I  liuve  dittcoveixa  than  ihirwin 
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rsriations  of  both  are  nearly  the  same,  bat  they  will  no  longer  be  the 
members  of  one  body  between  which  the  selecting  process  is  carried 
ODt.  On  the  contrary,  if  they  occuiiy  the  same  district  each  group 
will  stand  in  the  relation  of  environment  to  the  other,  modifying  it 
aiid  being  modified  by  it,  without  mutually  sharing  in  the  same  modi- 
dcotion. 

(2)  Thongb  one  may  exterminate  the  other,  the  change  that  comes 
to  the  successful  group  through  the  contest  is  not  due  to  its  superiority 
over  the  other,  but  tu  the  suiteriority  of  some  of  its  own  members  over 
others. 

(3)  Wben  any  segregate  form  begins  to  arise  we  can  not  attribute  its 
sncoesB  to  the  advantage  of  se- generation,  for  the  inter-generating  forms 
are  at  the  same  time  equally  successful ;  wherefore  it  is  not  the  successt 
bat  the  separatenees  of  the  success,  that  is  due  to  the  se-generation. 

(4)  The  continuance  of  the  descendants  of  a  group  in  a  special  form 
will  depend  on  its  segregation,  but  this  is  a  very  different  thing  from 
the  special  success  of  its  descendants.  The  preservation  of  a  special 
kind  of  adaptation  is  never  due  to  natural  selection,  which  is  the  supe- 
rior success  of  the  higher  degrees  of  adaptation  of  every  kind. 

(5)  The  power  of  migration,  or  any  other  power  directly  related  to 
the  environment,  may  l>e  accumulated  by  natural  selection,  and  after- 
wuxt  lead  to  segregation,  but,  according  to  my  method  of  judging,  the 
continaoDS  advantage  of  segregation  over  integration  can  never  be 
Shawn,  for  both  are  equally  essential  in  the  economy  of  nature;  and 
thoagh  one  process  may  at  one  time  predominate  over  the  other,  the 
comparative  advantage  of  segregation,  if  there  be  such  advantage,  can 
not  be  the  cause  of  the  preservation  of  forms  endowed  with  segregative 
qualities,  for  they  will  certainly  be  preserved  as  long  as  they  are  able 
to  win  a  bare  existence,  which  is  often  a  lower  grade  of  success  than 
the  one  from  which  they  are  passing. 

(6)  According  to  my  view,  instead  of  the  accumulation  of  the  segre- 
gative prepotency  depending  on  natural  selection,  the  accumulation  of 
<livergent  forms  of  natural  selection  depends  on  some  form  of  segrega- 
tioD. 

But  if  the  accumulation  of  pre-potential  segregation  is  not  due  to 
Dfttoral  selection,  how  shall  we  explain  itt  It  is  I  think  due  to  the 
fact  that  those  forms- that  liave  the  most  of  this  character  are,  through 
ite  action,  caused  to  breed  together.  We  have  already  seen,  when 
considering  seasonal  and  sexual  segregation,  that  if  segregation  is 
directiy  produced  by  the  instincts  or  physiological  constitution  of  the 
organism,  there  is  a  tendency  toward  an  increasing  manifestation  of 
tlie  character  in  successive  generations.  Those  that  have  but  a  slight 
degree  of  segregate  prepotency  eventually  coalesce,  forming  one 
m»,  while  those  possessing  the  same  character  in  a  higher  degree 
i^ain  more  distinct,  and  their  descendents  become  still  more  segrega- 
gate  and  still  more  permanently  divergent.    As  long  as  the  segregfkt^ 
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fnntin  «ee  able  to  maintain  vigor  and  Becore  fair  8ii8tentatioii,  tbe  pro- 
ofs tiontinucs  »iid  tbc  separatJon  becomes  more  pmnonDccd.  Of  thi^ 
furni  uf  the  law  of  cumulative  Regregation  we  ni»y  say,  tfaat  as  the 
deHCf  iidants  of  the  beat  Ittted  necessarily  generate  with  e-acli  other  anil 
protlnre  those  still  better  fitted,  so  the  descendants  of  those  possessiit^' 
the  nxtat  sogn'gative  endowments  netressarily  generate  with  eaclt  other 
an<l  prodaco  those  that  are  still  more  segregate. 

It  may  at  first  npi^ear  that  a  slight  degree  of  pre-potence  willpre\eiit 
erossiug  as  effe^-lnatly  as  ahigher  degree;  but  fuither  reflection  will 
show  that  Uie  efficiency  of  tbe  prevention  will  vary  in  direct  propor- 
tion with  the  length  of  time  over  wbicli  tJie  pre-poteut  ix>llen  is  able  In 
show  its  pre-potence,  and  this  will  allow  of  iDnnmwable  grades.  I^  in 
the  case  of  certain  uidividaals,  tbe  jtre-potency  is  measured  by  aboat 
twenty  minntes,  while  with  other  individuals  it  enables  the  itollen  of 
the  same  variety  to  prevail,  though  reaching  tbe  stigma  an  hour  after 
tbe  iHillen  of  another  variety  bas  been  applied,  the  dififerenco  in  tlie 
degree  of  segregation  will  l>e  sufficient  to  make  the  persistence  of  the 
latter  much  more  prtkbable  than  that  of  the  former.  This  form  of 
segregation  is  evidently  one  of  the  important  causes  preventing  the 
Ave  cix>s»ung  of  different  spet-ies  of  plants.  It  probably  has  but  little 
iiiUnence  on  terre.ttrial  animal:^  but  how  far  it  is  tbe  cause  of  s^regii- 
tiou  among  a<|natic  animals  is  a  question  of  no  small  interest,  concern- 
ing which  1  have  but  small  nietins  for  judging.  I  have  however  do 
be&itation  in  pre<licting  that,  nnless  we  make  the  presence  of  this 
segregative  quality  tbe  occttsiou  fur  iusistiug  that  the  forms  so  affected 
beltoig  to  different  sitevies,  we  shall  tind  that  amongst  plants  tbe  vari- 
eties of  the  same  !^>e»'ies  are  often  m<H«  or  less  separated  from  each 
other  in  this  way.  I  do  not  know  of  any  experiments  that  have  been 
din^'tetl  toward  the  detomining  of  this  point,  but  (Hi  the  general  pna- 
ciple  that  ^thy^ological  evolution  is  not  usually  abmptr  and  that  nte 
distinctions  aiv  tbe  iuitial  forms  under  which  specific  differences  present 
themselves.  I  cau  hLt\-«  no  doubt  that  feeble  iMV-potenee  precedes  that 
whi«'h  is  more  prtuKiuueed.  and  that  part  of  this  divei^ience  in  maof 
cases  lakes  ^tlace.  while  the  dtvei^^itEbr.tiu'hesuuij' be  piroperly  classed 
as  varieliecv  Another  leatwu  fiir  Wlieving  tfaat  prv-potential  segr^- 
tiuu  wilt  h«<  fckund  ou  fkirtbM-  invc!<itig-jtion  to  exist  in  scnae  oaRf^ 
betwe««  varieiicis,  is  the  v«>u*t»m'y  with  which,  in  tbc  caae  of  spericA 
this  t-harMt'ter  ii^  ass>viaiM)  with  se^rrepile  Iwondity  and  8^ieg)it<^ 
vij;»w,  which  we  ktH>w  aret^tuieittut^::  ctiAractcristtes  trf"  varieties  in  tbeir 
tvtatKiu  to  WK-h  other.  The  im|x«cu,ui-e  of  these  btter  principlefi  when 
otx-urrius  i«  cwuuwtiou  with  diftvreut  tV>rms  of  partial  srgr^atioii  <ril' 
M»w  te  cMk.ittere\l. 

fi ff/ufi-  iWniiU-rii  itHti  «ryrY</wer'  H<p)r. — By  stfirgtte  frcaa- 
i  Bfitlivr  s^'strvjtutMu  ii«*litt.vd  Uy  twautlity  ■orfrcandity 
sejcrvi;;*!!,'*!,  l»ut  the  r*-lat(..n  iu  wUuu  -iiieetM  or  varietie* 
i-fc  olUvr  '•Leu  tlie    iii[er-;;euer.Aii.-Q  •«"  MeMbcrs   of  the 
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same  species  or  variety  results  in  liiglier  fertility  than  the  crossing  of 
difl'erciil  »|>ecie»  or  variotieN.  lu  like  ntiuiuer  negregat^  vigor  is  tlie 
relation  iu  wliicli  s|MH!i«,s  or  varieties  stuud  to  wicli  other  when  the  iii- 
ter-geueration  of  memberB  of  the  same  ajtecies  or  variety  prodaces  off- 
spring more  vigorous  than  those  prodneed  l»y  crossing  with  other  species 
or  varieties.  Integrate  fecundity  and  integrate  vigor  are  the  terms 
by  which  I  indicate  tlie  relation  to  each  other  of  forms  in  which  the 
highest  fertility  and  vigor  are  prodncc<l  by  crossing,  and  not  by  inde- 
pendent generation. 

Before  discussing  these  principles  through  which  the  influence  of 
segregation  is  greatly  increased,  it  will  be  an  advantage  if  we  can  gain 
some  idea  of  the  nature  of  cumulative  fertility  in  its  relations  to  a  law 
of  still  wider  import.  1  refer  to  the  fourfold  Jaw  of  antagonistic  in- 
crease and  mutual  limitation  between  (1)  integration,  (2)  segregation, 
(3)  adaptation,  (4)  mnltiplication— in  other  words,  between  (1)  general 
invigoration  and  power  of  variation  through  (trossing,  (2)  the  opening 
of  new  opportunities  and  indopeudent  poNsibilities,  (3)  si>ecial  adapta- 
tion to  present  circumstances,  (4)  powers  of  multiplied  individualiza- 
tion. Darwin  has  considered  at  length  the  first  and  third,  though  I  do 
not  remember  that  be  has  anywhere  pointed  oat  that  their  development 
m  doe  to  a  kind  of  self  augmentation,  I  believe  this  is  so  emphatically 
the  case  that  the  former  might  well  be  called  the  law  of  self-camnlattve 
vigor,  aud  the  latter  the  law  of  self-cumulative  adaptation.  Corre- 
Hponding  to  tliese  two  laws,  I  find  the  additional  laws  of  self-cumulative 
R^tregutioii  and  self-cumulative  fertility.  Darwin's  theory,  that  diver- 
sity of  natural  selection  is  directly  and  necessarily  dependent  on  ex- 
posure to  different  external  conditions  tends  to  obscure,  though  not  to 
deny,  the  fat^t  that  the  breeding  together  of  the  better  adapted,  which 
causes  the  increase  of  adaptation,  is  due  to  thedifferent  degrees  of  en- 
dowment in  the  organism,  rather  than  to  diversity  in  the  environment 
It  is  also  true  of  segregative  endowment  and  of  fertility  that  they  aii^ 
necessarily  cumulative  wlienever  they  belong  iu  diflierent  degrees  to 
members  of  the  same  tntergenerant  that  are  equally  fitted.  The  cum- 
ulation of  vigor,  as  that  of  adaptation,  is  I  think  rightly  classed  as  a 
form  of  selet^tion;  fijr  in  both  cases  it  <lei>ends  on  the  power  of  the 
raore  highly  endowed  to  supplant  the  less  endowed  without  allowing 
them  full  opi>ortnDity  to  pmpugate;  but  the  increaae  of  segregative 
eadownients  and  of  fertility  is  due  to  principles  quite  different  fnim 
this,  aud  differing  from  each  other.  The  segregative  endowments  aug- 
ment through  the  inhereut  tendency  of  the  more  highly  endowed  t^i 
breed  more  exclusively  with  those  of  the  same  form,  and  therefore  in 
tbe  long  run  to  breed  more  exclusively  with  each  other;  while  the  fer- 
tility of  the  more  fertile  neither  drives  out  the  less  fertile  nor  holds 
tlie  two  classes  apart,  but  simply  multiplies  the  ofispring  of  the  more 
fenile,  making  it  sure  that  iu  each  generation  they  will  predominute. 

But  all  those  forma  of  augmentation  correspond,  in  that  thej^dbijili* 
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the  breeding  together  of  those  poKsessing  higher  degrees  of  the  Bpecial 
endowment,  anil  so  increase  the  average  endowment,  either  of  the 
whole  number  of  the  olTspriiig  or  of  the  segregated  portion.  Vigor 
increases  tbrongh  the  breeding  together  of  the  more  vigorous,  resulting 
from  their  overcoming  and  crowding  oat  the  less  vigorous  without 
allowiug  them  full  opportunity  to  propagate.  Adaptation  iocreases 
througb  the  breedtog  together  of  the  better  adapted,  resulting  from 
their  supplanting  their  rivals  without  allowing  them  fail  oppor- 
tunity to  propagate.  Segregative  endowments  increase  througb  the 
breeding  together  of  the  more  highly  endowed,  resulting  fVom  the  fact 
that  as  long  as  segregation  is  incomplete  more  than  half  of  each  gen- 
eration of  pore  descent  are  necessarily  Uie  offspring  of  parents  whose 
segregative  endowments  were  above  the  average.  Fertility  increases 
tliTough  the  breeding  together  of  the  more  fertile,  resulting  firom  the 
fact  that  more  than  half  of  each  geueration  are  the  ofispring  of  parents 
of  more  than  average  fertility.  As  the  breeding  together  of  the  more 
vigorons  and  the  better  adapted,  caused  by  their  superior  success, 
tendH  to  increase  and  intensify  the  vigor  and  adaptation  of  successive 
generations,  so  the  breeding  together  of  those  more  highly  endowed 
with  segregative  powers,  caused  by  the  segregation,  tends  to  strengthen 
and  intensify  the  segregative  powers  in  successive  generations;  and  so 
the  breeding  together  of  the  more  fertile,  caused  by  the  larger  propor- 
tion of  offspring  produced  by  the  more  fertile,  tends  to  increase  the 
fertility  of  successive  generations.  Among  those  that  woald  be  equally 
prodnctive  if  equally  nourished,  the  ratio  of  propagation  varies  directly 
as  the  degree  of  snstentation  above  a  certain  minimum  (and  perhaps 
below  a  certain  maximum),  and  therefore  directly  as  the  degree  of 
adaptation  that  secures  this  snstentation.  This  propagation  aceordin§ 
to  degrees  of  adaptation  to  the  environment  vt  what  I  understand  by  natural 
selection.  But  among  those  that  are  equally  adapted  to  the  euviron- 
ment  the  ratio  of  propagation  varies  directly  as  the  ratio  of  fertility. 
This  propagation  according  to  degrees  of  fertility  is  what  I  call  the  law 
of  cumutatire  fertility.  It  is  not  due  to  different  degrees  of  snccei^s,  or 
to  any  advantage  which  the  individuals  of  one  form  have  over  those  of 
other  forms;  but  simply  to  the  higher  ratio  of  multiplication  in  the 
more  fertile  forms  securing  the  inter-generation  of  the  more  fertile,  i* 
lelection  it  insures,  in  the  descendants,  the  predomi- 
l«d  of  the  more  fertile  and  the  more  fertile  of  the 

previous  chapter  I  called  attention  to  the  fact 
1  segregations  and  other  imperfect  forms  of 
constantly  broken  down,  partly  by  the  incream 
by  the  superior  fertility  and  vigor  of  off^priiij: 
It  seems  to  be  a  ftindamental  law  that  vigor 
ll'spring  depend  on  some  degree  of  diversity  of 
-ents,  and  diversity  of  constitution  that  is  not 


mVEEOENT   EVOLUTION   THROUGH    SEGREGATION.  317 

eutirely  dnctastiug  depends  on  Bomo  decree  of  positive  eegregation; 
therefore  vigor  and  variation  depend  on  the  breaking  down  of  incipient 
segregations,  and  on  tlie  interfoston  of  the  slightly  divergent  forma 
that  had  been  partially  segregated.  Bnt  in  the  history  of  every  race 
that  is  ffianing  snccess  by  its  vigor  and  variation  there  is  liable  to 
come  a  time  when  some  variety,  inheriting  anfficient  vigor  to  sngtain 
itmlf,  even  if  limited  to  the  benefits  of  crossing  with  the  individuals  of 
the  same  variety,  becomes  partially  segregated.  As  we  have  already 
seen,  segregation,  in  so  £tr  as  it  depends  on  the  qualities  of  the  organ- 
ism, tends  ever  to  become  more  and  more  intense;  but,  in  the  very 
nature  of  things,  not  only  will  the  segregation  be  for  many  generations 
only  partial,  but  partial  segregation,  though  it  may  greatly  delay  the 
Mibmerging  of  different  groups  in  one  common  group,  will  never  pre- 
vent that  result  being  finally  reached.  Though  the  siphon  that  con- 
nects two  tanks  of  water  be  ever  so  small,  the  water  will  in  time  find  a 
(»mmon  level  in  both  tanks,  unless  there  are  additions  or  subtractions 
of  water  that  prevent  sacli  a  result.  So,  in  the  ease  under  considera- 
tioD,  final  fdsion  will  take  place,  unless  differentiation  progresses  more 
lapidly  than  the  fusion,  or  some  other  influence  comes  in  to  counteract 
the  levelling  inflaeuce  of  occasional  crosses.  If,  under  such  conditions, 
mme  branch  of  the  partially  segregated  variety  becomes  more  fertile 
vhen  generating  with  members  of  the  same  variety,  and  less  fertile 
when  generating  with  other  varieties,  a  principle  will  be  introduceil 
tending  to  strengthen  any  form  of  jMUtial  segregation  that  already 
edats  between  the  varieties.  This  principle  when  co-operating  with 
partial  segregation  will  produce  pure  masses  of  each  variety,  when, 
without  the  action  of  this  jtrinciple,  all  distinctions  would  be  absorbed 
by  the  crossing.  We  know  that  a  transition  from  integrate  fecundity 
to  segregate  fecundity  usually  takes  place  at  a  point  in  the  history  of 
evolution  intermediate  between  the  formation  of  an  incipient  variety 
and  a  strongly-marked  species;  and  though  the  causes  that  produce 
this  transition  may  be  very  difficult  to  trace,  I  believe  the  results  that 
mnst  follow  can  be  pointed  oat  with  considerable  clearness  and  cer- 
tunty. 

Darwin's  investigation s  liave  shown  that  in  many  cases,  if  not  in  the 
majority,  the  relation  of  varieties  to  each  other  is  that  which  I  have 
called  integrate  fecundity  and  integrate  vigor;  that  is,  the  highest 
fertihty  is  attained  when  varieties  are  crossed,  and  the  \ngor  of  off- 
spring thus  produced  is  greater  than  when  the  in  ter- generation  is  within 
the  limits  of  one  variety.  He,  however,  gives  in  "  Variation  under 
domestication,"  chapter  xvi,  some  special  cases,  in  which  "varieties 
of  the  aame  species  behave,  wheu  crossed,  like  closely  allied  but  distinct 
species;^  and  remarks  that  similar  cases  "may  not  be  of  very  rare  oc- 
currence, for  the  subject  has  not  beeu  attended  to."  The  same  cases 
are  also  mentioned  in  all  the  editions  of  the  "Origin  of  Species."* 

'  S«e  lit  edition,  p.  23K;  5tli  i-ditinn,  p.259;  6tii  edition,  p. 258.       OOQ  Ic 
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The  |>i'oI>lflm8  tlt:it  ariKC  in  (lOiiHideriug  the  tUffereut  reaulbs  produced 
by  diflerent  degrees  of  iKtsitive  se{ji'egntii>n  and  Megrogt»t*i  fecandity 
arc  of  a  nature  Buitable  for  mathematival  treatment.  Before,  however, 
computing  the effectjs  of  segregate  fecundity  when  cooperatiog  witli 
positive  segregation,  it  will  be  in  plaeo  to  Bbow  that  it  is  of  itself  only 
a  negative  form  of  segregation,  h.tviiig  no  power  to  insure  the  propaga- 
tion of  the  varieties  thus  ehara^-t^'rized,  though  they  are  fally  a4la]>tvd 
to  the  environment.  This  is  most  easily  brought  to  light  by  consider- 
ing the  of)(H;t  of  a  high  degree  of  this  quality  when  piwitjve  iwgregatioD 
is  entirely  wanting,  or  when  it  is  sufficient  to  give  siDiply  a  ebanceof 
segregate  breeding  bybrtngingeachindividualnearto  its  natural  mate. 
For  example,  let  us  suppose,  first,  tlmt  a  male  and  a  female  each  of 
several  allied  but  mutually  sterile  species  arc  brought  together  on  one 
small  island,  all  other  tendencies  t^)  positive  segregation  being  removed, 
while  mutual  sterilty  still  remains;  second,  that  a  male  imd  female  when 
once  mated  remain  together  for  the  breeding  season ;  and  third,  that  all 
find  mates.  Now,  if  we  have  seven  species,  each  I'epresented  by  one 
individual  of  each  sex,  what  is  the  probability  that  all  the  species  will 
be  propagated  I  And  what  the  probability  for  the  propagation  of  Done, 
or  of  but  one,  or  of  but  two,  or  of  but  three  of  the  species !  The  answers, 
as  I  have  computed  them,  are  an  follows:  The  probability  that  none 
will  be  propagated  is  if}^;  that  one  species  will  be  is  H^;  that  tvo 
species  ^cji^ ;  that  three  species  ^Vi^oi  that  four  species  y^^;  that  five 
species  ^JJo ;  that  seven  si>ectes  -g-^,-^.  These  numerators  are  found  in 
the  seventh  line  of  a  table  that  I  call  the  Pennutationnl  Triangle.  If 
we  have  ten  siwcies,  the  probability  that  in  any  one  trial  no  s[>eL-ies 
M  ill  match  truly  and  be  ]>ropagated  is  ^Mlf  uo ;  tl>^t  one  species  ivill 
match  truly  and  propagate  is  i^§}f  H  i  t'bat  ten  will  is  sssigin-  Thin 
means  that  if  3,628,800  trials  are  made,  one  of  them  will  probably  be  a 
case  in  which  each  male  iKiirs  with  the  female  of  the  same  s]>ecie^  while 
1,334,961  will  be  cases  in  ,which  none  are  so  matched,  and  l,334,0C(l  will 
be  cases  in  which  one  pair  is  so  matched.  It  therefore  appears  that 
more  than  eight-eh-veiiMis  of  the  xirobabilities  are  against  the  continn- 
ance  of  more  than  one  of  the  ten  species. 

There  will  perhaps  be  some  hesitation  in  receiving  these  figures  before 
I  have  given  the  method  by  which  tlie  results  have  been  reached;  hnt 
the  necessary  length  of  this  paper,  even  when  restricted  to  the  brieftet 
discussion  of  general  i»rinciples,  induces  me  to  reserve  my  computa- 
tions for  another  occasion.  It  is  not  however  necessary  to  have  a 
complete  solution  of  this  problem,  in  order  to  reiich  the conchiston  that 
the  origin  of  sc|iarate  nices  and  si)C(-ies  depends  not  only  upon  their 
mlaptation  to  the  environment  and  their  mutual  sterility  when  crossing 
with  each  other,  but  also  upon  ilicir  positive  segregation.  We  •■an 
further  sec  (when  considering  an  extreme  case,  like  cither  of  the  almre 
'><)scd  ciises)  that  scgi-egate  fecundity,  without  the  aid  of  positive 
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Bepregatiou,  mast  lead  to  extinction.  We  have  already  seen  that  par- 
Ital  segregation  <ran  not  by  itself  pti'veiit  the  flision  of  spei-ies.  It 
thi-i-efore  fuHows  that  in  order  to  acconntfor  the  eoutiQiiance  of  diverg- 
ent races  we  must  suppose  either  that  the  Hegregation  is  complete  or 
Hint  the  divergent  evolution  is  strong  enough  to  more  than  counter- 
bidaiice  the  inflneuce  of  the  occasional  crossiug,  or  that  the  paitial  seg- 
regation is  aided  by  segregate  fecundity  or  segregate  vigor. 

Betweeu  the  members  of  si>ecies  belonging  to  different  orders  we  Hud 
not  only  complete  segregation,  bntc^unplete  sterility  when  attempt  sat 
crossing  are  made;  but  hope  of  gaining  an  esplauation  of  how  these 
characteristics  have  arisen  is  found,  not  in  the  study  of  those  cases  in 
«hich  the  process  has  been  completed,  but  in  the  study  of  the  relations 
to  each  other  of  species  and  varieties  that  are  characterized  by  partial 
segregation  and  mutual  sterility,  that  is  not  complete.  Here  again 
tiiatbematical  analysis  will  help  un  in  iiudtTStanding  the  Nubject. 
TlioDgb  I  have  not  succeeded  in  coiistrncting  acomplete  mathematical 
representation  of  all  the  grades  of  intermingling  that  will  take  place,  I 
have  found  a  general  formula  that  gives  a  close  approximation  to  the 
proportion  in  which  two  species  will  brec<l  pure  as  contrasted  with  the 
jiToportlun  of  first  crosses  and  their  descendants  that  will  he  produced, 
in  any  case  in  which  the  degree  of  segregation  tuid  the  ratios  of  fertility 
fur  the  pure  and  cross  breeds  are  known.  As  my  object  is  simply  to 
Hbow  under  what  conditions  the  pure  races  wilt  continue  without  being 
swamped  by  crossing,  it  is  not  necessary  that  I  should  follow  the  action 
and  reaction  between  the  tbrec-quart«r  breeds.  I  wish  however  to 
call  attention  to  the  fact  that  when  ttie  number  of  the  pure  forms  and 
of  the  half  bree<ls  is  constiintly  decreasing,  without  a  general  deci'ease 
in  the  sum  of  the  descendants,  it  is  evident  that  the  three-quarter  breeds 
and  their  descendants  are  increjising;  and  when  a  three-quarter  breed 
01)  one  side  crosses  unth  a  tliree-qaarter  breed  on  the  other  side,  the 
iiffxpring  will  usually  be  about  intermediate  between  the  two  species; 
therefore,  where  tlie  two  species  are  equally  numerous,  if  we  find  that 
tile  pure  forms  will  disappear  through  fusion,  we  may  exjtect  that  the 
Ihree- quarter  breeds  will  also  disappear  through  fiinion. 

Ill  constructing  my  formula  it  was  found  necessary  to  coniuience  by 
|)hcmg  in  the  1st  generation  of  the  halfbreeds  a  more  or  less  arbi- 
trary symbol;  for  the  true  symbol  in  each  cas^  is  the  final  one  reached 
ill  the  nth  generation  when  n  is  a  very  high  number.  The  chief  inter- 
ift  therefore  centers  in  what  can  be  accomplished  through  the  use  of 
this  fommla  for  the  nth  generation.  It  seems  to  me  to  fiimisb  a 
method  of  reaching  the  flnal  proportion  of  pure  breeding  that  will  be 
imHlnced  by  any  form  of  combination  between  positive  segregation 
and  aecregate  fecundity,  and  to  give  results  that  would  reipiire  thou- 
Jviinis  of  years  of  eontiniiouM  experimenting  to  rea<^h  in  any  other  way. 
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Tablk  I.— 4ri(k»W«aI  <x»>p-tatio»,  •*»»*»!»  '*«  ■»'•*«■  "/  **"/&'■'«'«  •"  ""'-"W 
Kith  Ike  p^rt-hretiU,  lekin  ^  of  «ack  variels  form  nmion»  among  ((«iiMeir«  and  <bitlr 
,„iW.  ea^h  ga,^lion,  «■*«.  C*«  <>f.i»i«S  of  th4,  A  r*ai  /or»  «««(  H-io"  «».J.I)f  <9«i 
(ft«  nmmbrr  of  Ih^  parent*  b)  vkiA  l*<y  are  proditoei,  .»  otKfr  ^orde  »A»  c  =  i;>,  M= 
X,tit  =  l{$fe  Table  II). 


VnHetJ  No.  1.  piirebTOBlt 


Of  whrt  gtam- 

Hair  of  Iho 
half-biwda. 

'S-^-^' 

;s:'iS 

' 

IW 

=       MlRO—tiM... 

,« 

=.    aidr-™«<«- 

- 

to 

.» 

u: 

" 

l,fl- 

»i,«BB 

ST.OH 

-,»".  <•"»-"■ 

3.Kt.1S  M.w.ir- 

»;  r»  i\\ttt>X  iW  Taulk  I. — The  B»roud  generetion  of  the  hmlf-broeda  is  fonndbj 
i*i?«*  -  ,sf  thiH«vviou>  l.alf-breed8,i.*.  100  X  A  =  90,  aud  ^  of  th^previooBporf- 
h-^^r  tin>  -S  «!"»'  '•""  "''^*^  uDioQs),  minaa  I'o  of  the  previooa  h^-breeda  (beeww 
I  ih"  h»U'  bT»««ls  iiHiHort  with  an  eqiuil  number  of  pore-breods,  »nd  so  produce 
■ '  "V^if  l.r.«»<l»  bill  tbrec-quartcr- breeds),  i.  e.  180-10  =  170.  Adding  these  twoiums 
i"'    ,hp,.xn.tnivp  90  + 170=260  =  tbe  second  geaemtion  of  half-breeds. 

\»  ttt  tht"  "*'•'"  *''*  <■"•"?"''**''"'  commenceB  without  any  h»ir-1ire«dB,  the  follow- 

„"      p„,l„„»  of  hiilf-breods  are  all  a  little  leas  than  A  «  large  as  tbe  correspond- 

"^^..owtloiM.  of  par^breod«.     When,  however,  we  come  to  the  eighteenth  genen- 

,  ;„  (i,p  ,1111'oreuce  is  less  than  one  in  a  million,  and  we  may  consider  the  reaalt  •» 

'    <tl(<ul1v  ii«rro«poniIing  with  the  formula  for  the  nth  generation,  given  in  Table  ill. 

''Thf  lUl'iioil'mrtor-l.reodB  are  obtained  by  multiplying  ^  of  the  previous  genei* 

f.breeds  by  2,  and  adding  to  the  resnlt  the  sum  of  the  previous  genen- 

ree.(iuarter-br»od«.     Thleof  course  gives  a  numbertoolarge;  forsomeirf 

i|iiurter-breeds  will  fail  to  breed  with   threo-quarter-broods.     A  closet 

iif  the  proportion  between  pure-breeds  and  throe-qnarter-breeda  is  givan 
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Let  R  =  the  ratiu  of  pure  breedjug,  i.  r.,  the  eegregatiou. 

Let  c=tlie  ratio  of  croas-bKeding. 

Ex.  When  ,\  of tbe  unions  sro  within  Ihi-  limits  of  thu  siiiiciss  and  ^,s  uftbo  iinioDs 
i»  with  an  allJMl  species  B  =  ,'i>,  o  =  i'o.     K  will  alwiiye  e'inal  1-c 

Let  H  =  the  ratio  of  fertility  in  uach  gonnratioo  for  those  that  brtMid  with  thoir 
oirnhind. 

LetM:^the  ratio  of  fertility  iu  oavh  generation  for  tbu  crosS'nnionM  uiid  fur  the 
hjbrids  when  breeding  together. 

Let  A  =  the  initial  uumbcr  of  individuula  mprumtutiiig  thu  pnrespucitw  when  the 
i-omputatio 


]f  tDdlTldiu]*  npraseullDs  tbe  pure  rnrm,    NuinliFr  of  luillvldualB  repreKntlDs  tbe  half  l>rred& 


A  e  Initial  nnmlier. 

A(KM|         =:lstgeDen(ion... 
A(RM)' 

A(KM|*       =4th  genenUan 

Sibatitating  (I  —t)  Tor  R  Id  tbe  Zod  gen., 
AIM  — He)*=2Dd  genenllDII. 


2ndgFneTBlloii=.(AemK  i-A(ICU)c— Aciwlxm,* 
2Bdg«oe-ntioB^<AemK—  Acmc)in  \  Aem(KU). 
2ndgBneratlon=Aem(R— onu-ADnxnU). 

SulMtilntlng  <n  tlili  il  -c|  for  K.  we  liar 
2nd  generatiun  =  Acma  -  is)m  +  Aem(M  —  Me). 


'The  term  AmiK  representB  the  number  of  bdrbreeds  tbst  form  nniona  aniuDK  tbeDiaelTen,  tbe 
vflspringbelDir  balf'breedA;  A(ltM)crepre«eDta  tbe  Iota]  numlwrorpure-broediief  tLeflTBtgeDemtloQ 
lint  fonnnl  mixed  uniuru^  of  thew  Aenu  Corm  iiaiouii  with  u  equal  number  of  balf-breed*.  aud  tbeir 
affaprlni^  beiuK  thrBe-quarter.breeda  luuat  bo  rejected ;  the  renulnder,  namely  A(KM}e — Amof.  form 
uiewwitb  theotbtrnce,  and  tbeir  oSkprlng  are  balt-breede  of  tbe  second  generation. 

TULE  Itl. — Developed  Forimla /or  .Segregation  and  .Segregate  l^'eemiditf,  giving  the  pro- 
portion  of  Half- Breed*  tv  pHre-breeih. 


A  z-lnlUalnnmber.  I 

AIU-Uc)  =  l>lg^neimtioii  J  l»t  puiBniHim  =Ami 
A|]I-M()'-::ndKi->ier8tion.:  and  generation  ^AiiK 
Ani-Mfl«.=  3rd  grnecallDn  .1  ani  generation = A mt 


N.bK«iH«tion=.A».«M-Mr)>(-j,_-jj^^-  +  -^^~-y^-jj-  +  ^y— j,^-|  + 
I  (M_-Me)'V 

'  (M  — MrlV' 

MM-M.,"=-tbgeneration|'..l.«™ti..„=A«.,M-M.,-x((    )-'  +  (    )+(    )'+(     )'+ 


t\nt  rale. '-Tbe  pnre-broedn  of  any  generatioD  are  found  by  multiplying  the  pre- 
Tions  generation  of  pure-breedH  by  M — Mc,  aod  thehalf-breedaof  anygeoeratiou  are 
fWid  by  mnJtiplying  the  previous  generatiuu  of  half-breeds  by  (1 — 2c)m  and  adding 
,tbe  previous  gentiratiun  nf  p^irc-lin-vila  inultipliud  by  cm. 

H.  Mi«.  334,  pt,  1-^31  D,....,Googlc 
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Second  rule. — Thu  ittli  fienpratiim  of  |iiire-br»©(lH=A(M'-Mn)-=A(M  —  Mr)»-'x 
(M  — Mc);niiaiheHtbg.'ii.T:iti<>nof  hiilf-breed8  =  ANio(M  — Mcj—iimiltipliedbytlw 
aaiuSof  tbBB6rii'aI+'  _^^  -[-  .  .  .  .  ,  containing  as  many  tomiHaelhatiixprBAMd 
by  the  liDmllor  of  tlie  generation,  i.  r.,  contaiiiiug  u  termit,  of  wbich  the  lint  ia  1; 

■'■  l>^^\i vi~— (  '  "^   M      M    +  ■  ■  -  ■   )  !  H  being  llie  nniulier  of  half-breeds,  ■nd 

P  being  thu  nnnibtr  of  pure-breeils. 

TAird  rah. — To  correct  this  forninia,  so  that  it  shall  indicate  the  proportion  tbat 
will  renalt  whon  the  relative  vigor  of  pure  nntl  crosa  breeds  ia  considered,  we  maet 
substitute  MV  fur  M,  and  Mr  for  w ;  V  being  tlie  proportion  of  each  geneMtion  of 
pure  breeds  that  grow  to  maturity  and  propagate,  and  r  l>eing  the  proportion  of 
bair-br«rdH  that  do  the  same. 


By  supposing  «  to  be  an  iudefioitely  liigh  number,  and  by  giving 
different  values  to  M,  m,  and  r,  we  sball  hare  tliemeuns  of  contrasting 
tbf  iiunib4'r  of  the  pure-breeds  with  tbat  of  tbe  half-breeds,  when  the 
process  has  been  long  <»ntiniied  nuiler  different  degrees  of  positive 
segregation  and  segregate  fecundity. 

In  tlie  fii'st  place,  let  us  take  a  case  in  which  there  is  no  segregate 
fecoudity,  tbat  is  M=wi;  and  for  convenience  in  computation  let  us 
make  M=l,  m=l.    In  every  case  where  m  is  not  larger  than  M  tbe 

(1— 2r)(H 
iVactioii   |ii_\j„    is  less  than  unity,  and  the  snm  of  the  geometrical 

progression  of  our  formula  will  {all  within  the  limits  of  a  nnmber  that 

can  Im-  oaaily  compute*!  by  the  wcll-kiiowii  forninia  8=._     iu  which 

(t  is  the  tii-st  number  of  the  progression,  which  in  this  case  is  1,  and  q 
is  the  (Vuction  we  are  now  considering,     ^apposing  e=^,  the  fraction 

will  Ih>  i_''i'  =l=q.  -■■  S=j_  becomes  S=j^^=5^j,=9,  This 
nuuilKT  9  is  tbeivfore  ei)ual  to  the  sum  of  this  progression  and  can, 
theix'fore,  Iw  used  as  the  valne  of  the  iufiiute  progression  in  the  fonnala 
Atr  the  Nth  gi'iier.ilii>u  when  n  is  a  ver>'  high  noniber.  Substituting 
tht'se  values  vre  tiud  that  the  Nth  pcueration  of  the  half-breeds  equals 
the  «th  geiicntt ion  of  the  pure  forms  each  iM-iug  equal  to  -ft-  of  A 
(M-Mcl"  >.  A  yM— MrW-'  is  a  vanishing  quantity,  for  M — Mc  is  less 
than  1.  Kvery  form  is  therefore  iu  time  fused  with  other  forms.  But 
tet  »s  try  hisher  degrees  of  segregation.  If  vte  make  c=-jii,- ot  j^a^ 
«e  still  tiud  tbnt  half-brefils^pure  breeds,  while  the  latter  are  con- 
M»ut),v  deceasing,  whirh  shows  that  imperfect  positive  segregation, 
«ithiMit  till'  ai^l  of  s«mie  quality  like  s<>gregate  feroudity,  t»n  not  pre- 
\v«1  *  Slavics  iH-iug  finally  f^ised  with  other  species  as  long  as  tbe 
« V^*'  M«u''«'>'  of  e;tcb  suiii'ssive  gt'neration  does  not  increase. 

1 1-*  s*"*  now  omsiiliT  ra«es  iu  which  the  Segri^gation  is  incomplete,  but 

^^».  "        ~ility  rtimcs  in  to  n^odiiy  the  resnlL     Let  M=2.  ni=l, 

ug  th«>M'  Valuer  iu  <.»nr  formula,  we  shall  find  that 
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tbe  som  of  the  iofinite  prugreHsion  is  i=H-  -^nd  M— Mc=^,  wbich 
makes  tbe  half-breeds=the  pure  formsxtnt;  amd  cni=-^.  LetM=2, 
M=l,  c=-,ia;  then  half-breeds =pnre  formsxTii-  Let  M=2,  m=l, 
c=i;  then  the  infinite  progression =1,  M— Mc=l,  and  the  pnre  forms 
Id  e»c-h  generation  will  equal  A,  and  tbe  balf-breeds  Ax^.  Therefore 
Half-breed8=PurebreedBxJ. 

LetM=3,  tR=2,  c=J;  then  the  sum  of  the  infinite  progressions!, 
andtheHalf-breecl8=Jx2xA(M— Mc)n-],andtbePure-breed8=l}xA 
(M-Mc)n-i;  therefore  Halfbreeds=Pnre-breed8x§. 

Let  M=3,  t»=2,  c=J;  then  Half-breed8=PnrebreetIsx?. 


Let  M=3, 
Let  M=3,  m=2, 
Let  M=3,  m=: 
Let  M=3,  m=: 


J;  then  Half-breeds=Pure-breedax|. 
c=i;  then  HalfbreedssPiire-breedsxi. 
c=^;  then  HaIf*breed8=Pure-breed8x-ft-. 
c=iJo;  tl'^'i  Half-breed8=Pure-breed8XTS^,. 


Table  IV.—Sitttplifitd  Fomulai  /or  the  Ftoporliont  in  vhich  Half-bretd*  and  Tkret- 
quoTitr-breedt  tUmd  to  Pure-hTttidi  trften  all  are  equally  vigorout. 


h'rom  Tatile  111  <n 


F-M-Mr><V^+    M-Mo+    ■     •      r 


When  (I— 2c)m  1b  leae  than  M— Mc,  the  series  within  the  brackets  is  a  deoreuing 
geonietricAt  progression,  luid  we  may  obtain  the  valne  of  the  whole  series  by  tbe 

Ibrmala  S^i—q_     Applying  this  foruiula,  we  have 

H__«£_  J_ mc  M-Me me 

P     M— Mo  <lr-i''>  H^Mc    M-Mc-m'+2mo    M-m+(2iB-M)c..(l) 


^M-«-K2»-M)o '" 

If  m'  ^^  the  ratio  of  fertility  fur  the  Three- qnarter-breedH,  then  according  to  the 
mwrnag  given  in  Tables  VII  and  VIII, 


II     M— 1«'+(2«'— M)c  ' 


P-i^xi ") 

The  following  solutions,  as  well  as  thoae  given  in  Table  V,  are  ob- 
tained by  snbstitnting  ralnes  fur  M,  nt,  and  c  in  fonoola  (2); 
When  M  =  4,  iii=3,  then  if 


'-1. 

half-breeds  —  pure-tireeds  x  !, 

c-i. 

c=i. 

"-i, 

half-breeds  =  purc-broeda  X  », 

«=i. 

holf-brci^dB  =  jmre-breeds  x  i, 

c  =  4, 

baIf-brM<l>j  —  pure-breeds  x  i, 

"-i. 

half-breedH  =  pure-breeds  X  At 

c_l, 

half-breeds  =  pure-breeds  x  A> 

'■=iS>, 

half-breods  =  pure-breeds  X  i*,, 

C  —  if.i, 

half-bre«d8  =  paro-brntls  X  lii 

t,  Google 
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—  4.  then  if 

half-breeda  =  putr^breMls  x  t 
half-breeds  =  parr  breeds  x  * 
balf'brF«dfi  =  pnre-breeib  x  1 
balf-breed*  ^  paFe-bR«dB  x  ) 
balf-breeds  =  pure-bRed*  X  t 
half-breedfl  —  pure-breeds  x  i 
bklf-breeds  =  pnre-breedB  x  i 
b»lf-bre«dii  —  pnro-breMl*  x  i 
half'breeiU  =  pore-breeds  > 


c-4 


<■=  i 


"-ri 


r  =  ia'.,i,  half-breedii  =  pare-breeds  X  iAd- 


Ui=i.thtaatUbn, 

.d.=  , 

Pttn-bmdK- 

i 

I(t  =  l.H-p.... 

ir<  =  i.B..P^..- 

It<  =  l.H=P^... 

If(:={,IIr^P^... 

I(f^(.B  =  Px... 

If.  =  A.H  =  P<-. 

This  matliematical  aoalyRis  of  the  effects  of  poHitive  segregation  aoA 
segregate  fecundity  wlien  cooi)eratiDg  brings  distinctly  into  ^iew  aev- 
eral  important  relations 

First.  Incomplete  forms  of  segregation,  that  availlittleor  nothingin 
preventing  a  form  from  Iwing  aljsorbed  in  the  course  of  time,  bw«ii» 
very  efficient  when  strengthened  by  moderate  degrees  of  mutual  steril- 
ity. Take,  for  instance,  the  line  of  the  table  in  which  c=^-,^s.  If  lin 
every  lOU  unions  is  a  cross  with  some  other  form,  the  form  will  in  time 
be  overwhelmed,  unless  other  causes  come  in  to  counteract;  hut  here 
we  see  that,  if  segregate  fecundity  occurs  in  the  ratio  of  10  to  9,  the 
pure  form  becomes  12  times  as  numerous  as  the  half-breeds;  and  if  i" 
the  ratio  of  10  to  6,  it  becomes  100  times  as  numerous. 

Second.  Again,  if  we  take  the  proportional  differences  between  tbe 

different  terms  of  the  top  line  opposite  p  =  j,  we  shall  find  them  'wy 

unlike  the  differences  that  appear  iu  the  bottom  line  opposite  c  =  to^> 

In  the  former  the  first  term  is  9  times  as  large  as  the  last;  while  in  tli* 

latter  the  first  term  is  more  than  80  times  as  large  as  the  last.    Th'^ 

that  when  segregationis  intense,  differences  in  thedegree of  Hegi^ 

nudity  produce  greater  contrasta  than  the  same  differences  do 

le  segregattou  is  alight, . 
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Third.  A  similar  distinctiuD  is  fouod  when  we  compare  the  right- 
hand  column  with  the  left-hand  cohimn.  The  smallest  term  in  the  for- 
mer is  to  the  largest  term  in  the  same  column  as  1  to  S99,  while  in  the 
left-hand  column  the  greatest  differeuce  is  as  1  to  100.  This  showa  that 
when  segregate  fecundity  is  strongly  developed,  differences  in  the  de- 
crees of  segregation  produce  greater  contrasts  than  the  same  difTer- 
ences  produce  when  the  segregate  fecundity  is  but  slightly  developed. 
Fourth.  Once  more  let  as  consider  the  relations  to  each  other  of 
the  fonr  terms  that  stand  in  tiie  upper  left-hand  corner  of  the  table. 
Suppose  that  of  some  one  variety  of  a  plant  species,  characterized  by 
pre-potential  segregation  and  segregate  fecundity,  we  have  occorring  in 
eqaal  nomberu  four  variations  whose  relations  to  other  varieties  are 
indicated  by  the  figures  given  in  these  four  terms,  while  in  their  rela- 
tions to  each  other  they  are  completely  fertile  and  not  segregated. 
Which  variation  will  leave  the  greatest  number  of  pure  offspring ;  that 
is,  the  greatest  number  of  offspring  belonging  to  the  one  variety  to 
vhich  the  four  variations  alike  belong?  Kvidently  the  variations  rep- 
resented by  tbe  fraction  -^  will  have  the  greatest  influence  on  the  fol- 
lowing generation.  But  as  the  supposed  conditions  allow  of  exact 
computation,  let  us  look  at  the  problem  a  little  cloBer,  If  each  varia- 
tion numbers  eay  a  thousand  individuals,  then  the  number  of  each  that 
win  breed  true  will  be  as  follows:  Of  the  one  represented  by — 
■fa,  526  will  breed  trae  and  474  will  vtobb, 
■ft,  550  will  bree<l  true  and  450  will  cross, 
■fn,  555.5  will  breed  tme  and  444.5  will  rroHS, 
•fi,  600     will  breeil  tme  imd  400     will  oross. 

And  the  next  generation  of  each  kind  will  be  as  follows:  Multiplying 
the  pure  parents  by  10,  and  the  hybrid  i>arents  by  8  or  9,  according  to 
tiie  value  of  m,  we  have  those  represented  by — 

-ft,  pnrp  offspring  52tiO,  hybrids  4266, 

^t,  pure  offsprioK  6500,  bybrida  40BO, 

■f„,  pnie  offspring  6555,  hybrids  3556, 

iV.  pun  offspring  6000,  hybrids  3300. 
There  can  therefore  be  no  doubt  that  under  such  conditions  tbe  aver- 
age pre-potential  segregation  and  segregate  fecundity  of  the  next  gen- 
nation  will  be  considerably  advanced,  and  so  with  each  successive 
generation  till  the  average  of  tbe  pure  forms  is  represented  by  the 
fraction  -^j  and  is  surrounded  by  a  circle  of  variations,  of  which  one 
»ill  be  represented  by  the  fraction  -ft.  And  from  this  new  point  con- 
tinuons  advance  will  be  made  toward  ever  higher  and  higher  grades 
of  segregation  and  segregate  fecundity;  though  of  course  the  process 
will  be  subject  to  antagonisms  and  limitations  arising  from  the  princi- 
pies  of  self-accamulating  vigor  and  self-accumulating  adaptation.  Let 
it  however  be  carefiilly  noted  that  we  have  in  this  process  the  mani- 
festation of  a  new  principle,  for  it  rests  not  only  on  self-accomnlating 
positive  segregation,  but  on  self-accumulating  segregate  fecundit^3 


(  r- 


'>iw<:is.=  A  HV— MV'  *~'.u..iiWHAU'-ta**daoftl>eumegeD- 
V.  '  x'  :  „  br.;ix  the  ntio  invhirkHair-WenlstMidto  Pan- 
t.>iii.-d  >^  •^<rwa  ia  TabliM  TT.  V,  and  VI;  anal  e  of  this  numlwr 
u  Aiii.ll  iKiiulHrr  uf  Pure-breedx,  making  A(MV~MVr)"''x  p  Sc 
;h  i;oiioi HI i"o,  thai  witl  proilme  n'r' timea  thnt  ODmberof  Threr- 
iiu)i  vi  tha  hUl  gcaieration  that  will  grow  to  mfttarity.    Staitios 


L:,y,l,.euL7G00^Ic 
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vith  this  nniober  in  the  nth  generation,  and  pureoing  the  bbdis  methoil  aa  wan  used 
in  coDitrueting  Table  HI,  we  obtain  the  following  Heriea: 
Tb  neqn-irter  brccdi— 

ltUlgBUI)™iloii=A(llT— MTo""  y-irmT'. 
(■-i-mh  i[Bliot»Uim=A(MV-MV()"~'-"  it  w'»'<(l-l()mV-i-A(MV-MVt)"^2(o.'f. 
l»h2)lhgeiierslioii=A(UV_MV(l"~  p2«  m'.'fd -Minvy  f  A(MV_MV<-»"j^^cm'i-'>^ 
f  (I— Se)ofe'")  (■  A(UV— MVrj"      pintn't'. 

(■n-2t}m'r'\'    m~-2c)mTy     /Mr-MVty^ 
VMV-MVi>  '^V,lfV_MV(/  '^MV-MVny  / 

iBthBOnmHigpnBnition,  P=A(MV-MVr)"      i  idJ tlienil'Dn>^_    i>^"'"'   w 

('Kiiv?S3'K    M   X   )•). 

Tablk   VIII. — Simplified  formaltu,   gieing   the  proportion!  Jn  akich  Half-brerda  and 
Thrrr-qaarler-brBoU  ttaad  to  I'urf-hretit  when  vt  hare  both  Segregate  Fecunditi/  and 
Stgregale  Vigor. 
rrom  Table  \l  wo  karu  that 

r      MV-MVc^V    "^MV  — MVc;"'"  ■  ■  ■    )■ 
When  the  uomerator,  (1  —  3c)nir,  is  Iras  than  the  <leQ«minati>r,  MV  —  MVe,  the  hiidi 
of  the  wbole  series  within  the  braokfts  may  be  olitaiued  in  arcordance  with  the 

fonnala8=j-—-, in  which  K^theaumof  tliuaurieH,  o— ttaeHret  term, and  9^  the 

,  H^        mre  1 

"l-       MV  — MVo^j        (I  — 2r)mF 
1-    MV— MVe 

-mF+(2mr  — MV)f'   '     '     t'> 
Applying  the  aamc  method  to  the  fornmla  in  Table  VII,  we  find  that 


|,      p  X2X  j,v  -  „'r'+(2«'r  —  MV)r. 


_H  2mV'c 

P'^MV  — mr'+(2m'i'  — MV)c' (2) 


H-MV-n.'r'+{2Bi'f'^^V)f 

IfM  =  10,  M=5,  flt'=5,  V^J,  r^i',(,  B'^iVc^^i'u, 

»u      H  Tnn  iTin        Tt^it tsi,  _  "j^  i  ■ 

p-V^.+«!-V')A-'J'."-!l-.'.~!! 
■Dd  <iui  M^^ni',  and  r=r') 

If  M  =  10.  Bi  =  10,  m'=10.  V^ii,  t  —  ^,  p'=„',,,  c^^. 


-ll+A-i! 


"if, 


,i,i.aL,  Google 
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In  thia  latter  case,  where  tlie  ^'igoT  of  H.vbriilH  is  ^  tbkt  of  Pure-lireedB,  nliile 

tbrir  FproDditj  isc^iaal  ti>  tluit  of  PnTv-breedB,  -we  find  ^:^^,  wblch  in  the  Bune 

malt  «8  tliat  given  in  the  eighth  line  of  the  last  ralmnn  of  Tftble  V,  where  the 
KrcDndity  nf  rrnw  imioiiH  nnd  nf  HyhridH  U  -fg  that  at  Pnre-l>M«ls,  while  tbeit 
Vixor  in  H|iial. 

THE   ISFL|-»:N(-K  nr   HKOKniATK   viQon. 

1  thiuk  Jte  may  pay  ve  hare  here  come  in  sight  uf  one  form  of  tJw 
still  wider  fourfold  law  already  mentioDed;  for  on  the  same  priDciple 
that  B^^regate  fee  audi  ty  increases  when  once  allied  with  partial  aegre- 
gatioD  io  TigorouH  forms,  &et;regate  vigor  most  also  tend  to  increase 
when  bionght  into  the  same  alliaove;  and  I  believe  it  will  be  found 
that  there  is  a  similar  principle  tending  to  the  self-accaniulation  of 
segregate  adaptation. 

At  the  point  where  they  both  arise,  that  is  daring  the  period  that 
immediately  follows  the  act  of  impregnation,  it  is  difficolt  to  distlngnisb 
between  the  two  principles,  and  the  mortality'  of  the  hybrid  embryo 
before  birth,  or  before  it  leaves  the  egg,  may  be  conveniently  classed 
as  segregate  fecundity,* 

Though  the  two  principles  are  bo  closely  related,  it  wonld  be  a  great 
mistake  not  to  distingatsfa  them;  for  there  is  no  close  correspondence 
between  the  degrees  in  which  the  two  qualities  occur  in  the  relations 
of  individnals  or  varieties;  and  some  cases  we  find  segregate  fecundity 
associated  with  integrate  vigor.  The  mule,  though  absolutely  sterile, 
possesses  vigor  equal,  if  not  superiw,  to  that  of  either  parent.  In  the 
reit>rdofex|>eriments  given  by  Darwin  in  "Crossand  SelfFertiL'zation 
in  the  Vegetable  Kingdom*'  mention  is  made  of  certain  species  in  which 
self -fertilized  tlowen  are  more  fertile  than  the  cross-fertilized,  whDe  tbe 
plants  proilucetl  from  tbe  cross  seed  are  the  more  vigorous  j  and  of 
other  si>ecies  in  which  cross- fertflized  flowers  are  by  far  the  most  pro- 
ductive, while  the  plants  prodnced  from  the  crossed  seed  are  neither  taller 
nor  heavier  than  the  self  fertilized.t  In  the  same  work  the  coduimhi 
l>ea  (PUum  talitmm),  tbe  common  tobacco  {ykotiama  tvhaeum),  and 
{'amua  WarsceK-icizi  are  shown  to  be  more  vigcaoos  when  raised  frtUD 
self  fertilizetl  seet)  than  when  raised  from  seed  crossed  with  other  indi- 
vidnals  of  the  same  strain;  but  in  the  case  of  tbe  tobacco  and  the  pea 
great  increase  of  vigor  is  prodncetl  by  a  cross  with  a  slightly  different 
variety,  while  the  fertility  is  increased  but  little  if  any, 

Itut  the  must  iuierestiug  of  all  his  experiments  as  bearing  on  the  sab- 
,ie«t  of  segregate  vigor,  is  given  in  the  history  of  ^'- The  J>eMenda»tt  of 
tXri>4if\rVrtiti::tit  Plant,  NHiNf<l  llen>.  trkwk  ayptmrrd  im  the Sirtk  Sel/fer- 
tithtil  (>>i»cni(io»n;l'l|niuneapuri>nrea,"'  "A  cross  between  the  children 
«if  f —  -»'-^  not  give  to  the  grandchildreu  any  advantage  over  the  self- 
f  idchildren  raised  ^m  the  self  fertilized  childrHi.''    "And, 
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what  i»  far  more  remarkable,  the  great-gratidcbildreD,  raised  by  cross- 
ing the  graDdi;hildreQ  witb  a  fresh  stock,  had  no  advantage  over  either 
tlie  intercrossed  or  the  self-fertilized  great-grandchildren.  It  tlius 
appears  tbat  Hero  and  its  descendants  differed  in  constitution  in  an 
eitraordinary  manner  from  ordinary  plants  of  the  same  siie^ies."  "If 
we  look  to  the  (ordinary)  plants  of  the  ninth  generation  in  Table  X,  we 
Hod  that  the  inter-crossed  plants  (of  the  same  stock)  vere  in  iieight  to 
the  self-fertilized  as  100  to  T9,  and  in  fertility  as  100  to  26;  whilst  the 
Coichester-crosBed  plants  (raised  by  crossing  with  a  fresh  stock)  were  in 
height  to  the  intercrossed  as  100  to  78,  and  in  fertility  as  100  to  51,"" 
The  Colchester-crossed  plants  were  therefore  in  height  to  the  self  fer- 
tUized  as  1  to  0.78  x  0.79,  or  as  1000  to  616,  and  ia  fertility  as  1  to 
0.51  X  0.26,  or  as  1000  to  133;  while  the  self  fertilized  desceudantM  of 
Hero  when  crossed  with  the  same  &esh  stock  not  only  had  no  advan- 
tage over  those  that  had  l>een  contiimously  self-fertilized  for  nine  gen- 
erations, but,  as  the  details  of  the  experiment  show,  theadvantage  was 
OD  the  aide  of  the  plants  raised  from  the  self- fertilized  seed.  The  ex- 
periment was  conducted  under  conditions  decidedly  unfavorable  for  the 
production  of  healthy  plants;  but  asit  isusuallyfound  tbattliesuperi- 
ority  of  crosses  between  varieties  is  most  clearly  brought  to  light  when 
the  competitors  are  subjected  to  unfavorable  circumstances,  it  seems  to 
fomieh  even  stronger  evidence  of  segregate  vigor  being  occasionally 
produced  in  the  earliest  stages  of  divergent  evolution  than  would  have 
been  famished  if  the  same  degree  of  superiority  in  the  self-fertilized 
plants  had  been  obtained  nnder  a  less  severe  test.  As  the  case  is  of 
nnusaal  interest,  I  give  t!ie  details  as  recorded  by  Darwin : 

"Several  flowers  on  the  self-fertilized  grandchildren  of  ^ero  in  Table 
in  were  fertilized  with  pollen  from  the  same  flower;  and  the  seedlings 
isisedfrom  them  (great-grandchildren  of  Hero)  formed  the  ninth  self- 
fertilized  generation.  Several  other  flowers  were  crossed  with  pollen 
from  another  grandchild,  so  that  they  may  be  considered  as  the  off- 
spring of  brothers  and  sisters,  and  the  seedlings  thus  raised  may  be 
called  the  intercrossed  great-grandchildren.  And  lastly  other  flowers 
were  fertilized  witb  pollen  from  a  distinct  stock,  and  the  seedlings  thus 
raised  may  be  called  the  Colchester-crossed  great-grandchildren.  In 
my  anxiety  to  sec  what  the  result  would  be  I  unfortunately  planted 
the  three  lots  of  seeds  (after  they  bad  germinated  on  sand)  ia  the  hot- 
house in  the  middle  of  winter,  and  in  consequence  of  thisthe  seedlings 
(twenty  in  number  of  each  kind)  became  very  unhealthy,  some  growing 
only  a  few  inches  in  height,  and  very  few  to  their  proper  height.  The 
resnlt  therefore  can  not  be  fhlly  trusted:  and  it  would  be  useless  to 
give  the  measurements  in  detail.  In  onler  to  strike  as  fair  an  aver- 
age as  possible  I  first  excluded  all  the  plants  nnder  60  inches  iu  height, 
tbns  r^ecting  all  the  most  unhealthy  plants.  The  six  self- fertilized 
thus  left  were  on  an  average  66.86  inches  high,  the  eight  inter-crossed 
■  "Cw)M  and  Self-Fertiliiation," pp.  47,  60,61.      -■'  ■>  V^tUUJ^II^ 
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plants  63.2  high,  and  the  seven  Colcbester-erossed  liij.37  lii^li;  so  that 
tbere  was  not  mucli  difference  between  the  tbree  set;^,  tiie  Helf'fertiliz«<l 
plants  having  a  slight  advantage.  Nor  was  there  any  gresit  differeuw 
when  only  the  plants  ander  36  iucben  in  height  were  excladed.  Kor 
again  when  all  the  plants,  however  much  dwarfed  and  nnhealthy,Heie 
included. 

"In  this  latter  case  the  Colchester-crossed  gave  the  lowest  averafte 
of  all;  and  if  these  plants  had  been  in  any  marked  manner  superior  to 
the  other  two  Iota,  as  from  niy  fonner  experience  I  fully  expected  they 
would  have  been,  I  can  not  but  thiuk  that  some  vestige  of  such  superi 
oi-ity  would  have  been  evident,  nothwithstanding  the  very  unhealthy 
condition  of  most  of  the  plants.  Xo  advantage,  as  far  as  we  can  judge, 
was  derived  from  inter-crossing  two  of  the  grandchildren  of  Hero,  auy 
more  than  when  tro  of  the  children  were  crossed.  It  appears,  there 
fore,  that  Hero  and  its  descendants  have  varied  from  the  common  tyi)ft, 
not  only  in  acquiring  great  power  of  growth  and  increased  fertility 
when  subjected  to  self-fertilization,  but  in  not  profiting  from  a  cross 
with  a  distinct  stock;  and  this  latter  fact,  if  trustworthy,  is  a  uniqne 
case,  as  far  as  I  have  observed  in  all  my  experiments."  • 

Let  Qs  now  consider  for  a  moment  what  must  be  the  result  when  sach 
a  variation  occurs  tn  a  wild  species  subject  to  the  ordinary  conditious 
of  competition.     In  the  first  place,  it  would  gradually  prevail  over 
other  representatives  of  the  same  local  stock,  both  by  its  more  vigor- 
ous growth  and  by  its  greater  fertility,  especially  in  the  case  of  flow- 
ers that  failetl  of  securing  a  cross.    And  afterwards,  when  it  came  into 
comiietitinn  with  the  equally  adapted  variety  from  which  it  was  i)ar- 
tially  protected  by   segregate  vigor,  it  would  neither  be  driven  out 
nor  lose  its   separate  existence  in  a  commingled   race.     It  will  be 
observed  that  we  have  in  such  a  case  local,  germinal,  and  floral  segre 
gntion,  each  producing  partial  effects  which  arc  enhanced  by  the  seg- 
regate vigor.    In  order  to  bring  out  the  relation  of  these  factors  Ui 
each  other,  let  us  assume  definite  values  for  each.     Let  us  suppose  that 
,*,  of  the  flowers  are  self-fertilized,  -^  are  fertilized  with  poUeii  from 
another  flower  of  the  same  plant,  ^n  are  fertilized  with  xK>t]en  from 
other  plants  of  the  same  new  variety,  and  -^  are  fertilized  with  polleD 
older  variety  occupying  contiguous  areas.     Therefore  the  bqiu 
■pregatinp  influences,  which  is  called  the  "Ratio  of  pure  breed 
1  is  represented  by  R  in  Table  ii,  equals  i^:  and  the  "Eatio 
l>reediug,"rt'presented  by  cin  all  the  tables.  e<pials  ^.  Again, 
p|Hit>e  that  the  fertility  of  the  pure  breeds  is  the  same  as  tbat 
irbreetla,  but  that  the  superior  vigor  of  the  former  is  snch  that 
of  the  pure  stn^ls  has  twice  as  good  a  chance  of  germiuatiiigi 
til  maturity,  and  prtxlneing  seeds  as  any  one  of  the  crossed 
riie  general  effwt  on  the  final  rei^ult  will  in  that  case  he  the 
if  the  "  Katio  of  increase  for  the  pure  uniousi*  (which  I  call  M) 
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equalled  10,  while  the  "Katio  of  iiu-rease  for  the  (toss  unions"  (which  I 
call  m)  equaled  3.  Turning  now  to  Table  v,  we  can  easily  find  the 
ratio  ill  which  the  number  of  pure-breeds  will  stand  Ut  the  hairbreeda, 
if  tbe  conditions  continue  long;  for  iu  tbe  column  in  which  m  equals  5 
and  in  tbe  line  marked  c=,^  we  find  ^^j,  which  means  that  the  half- 
breeds  viU  equal  the  pure-breeds  multiplied  by  ^,  or  by  'fyf. 

SKORXGATE   VlflUH  AKt>  BEQItEaATe   KBCUNDITV   BETWEEN   HUMAN    RACES. 

Hy  attention  has  recently  been  called  to  the  following  facts  relating 
to  the  Japanese  and  Aiuo  races,  who  have  for  many  centuries  met  un- 
der circumstances  favorable  for  interfusion  without  any  apparent  effect 
oftbis  kind.  I  quote  from  ^'Memoirs  of  the  Literature  College,  Im- 
perial Univerfiity  of  Japan,"  No,  1:  "Tbe  Language,  Mythology,  and 
Geographical  Nomenclature  of  Japan  viewed  in  the  Light  of  Aiuo 
Studies, "  by  Basil  Hall  Chamberlain,  p.  43: 

"With  wbat  logic,  it  may  be  urged,  do  you  invite  us  to  accept  a 
great  extension  of  the  Aino  race  iu  early  Japan,  when  it  is  a  physiolog- 
ical feet,  vonched  for  by  so  high  an  authority  as  Dr.  Baelz,  that  there 
is  little  or  no  trace  of  Aino  blood  in  the  Japanese  people  t  In  rejdy  to 
this  some  would  perhaps  quote  such  exaroplesas  New  England,  whence 
tbe  Indians  have  vanished,  leaving  nought  behind  them  but  their  place- 
names.  In  Japan,  however,  tbe  circumstances  are  different  (com  those 
of  New  England.  There  has  undoubtedly  been  constant  iuter-niarriage 
between  the  conquerors  and  the  native  raee  upon  the  Aino  border.  We 
<:an  infer  this  from  history.  Those  who  have  traveled  in  Yezo  know  it 
by  personal  experience  today.  Nevertheless,  these  inter-marriages 
may  well  consist  with  the  absence  of  any  trace  of  Aino  blood  in  the 
popniation.  As  a  matter  of  fai't,  the  northern  Japanese,  in  whose 
veins  there  should  be  most  Aino  blood,  are  no  whit  hairier  than  their 
compatriots  in  central  and  southern  Jai)an.  Anyone  may  convince 
biiDself  of  this  by  looking  at  the  coolies  {almost  all  Nanibu  or  Tsugaru 
men)  working  iu  the  Hakodate  streets  during  the  summer  months, 
when  little  clothing  is  worn.  But  the  parados  is  only  on  tbe  surface. 
The  fact  is  that  the  half  castes  die  out — a  fate  which  seems,  in  many 
quarters  of  the  world,  to  follow  the  miscegenation  of  races  of  widely 
divergent  physique.  That  this  is  tbe  true  explanation  of  the  phenom- 
enon was  suggested  to  the  present  writer's  mind  by  a  consideration  ot 
the  general  absence  of  children  in  the  half  bred  Aino  families  of  hisac- 
qaaintance.  Thus,  of  four  brothers  in  a  certain  village  where  he  staid, 
three  have  died  lea\ing  widows  without  male  children  and  with  only 
one  or  two  little  girls  between  the  three.  The  fourth  lias  children  of 
both  sexes ;  but  they  suffer  from  affections  of  the  cliest  and  from  rheu- 
matism. Mr.  Batchelor,  whose  opportunities  for  observation  have  been 
ouusnally  great,  concurs  in  considering  this  explanation  ns  sufficient 
M  it  is  simple.   There  are  scores  of  mixed  marriages  every  year. ,  There  r  , 
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are  iiuuierouu  half-breeds  borD  of  tliese  marriagea.  Bnt  the  Hecond 
generation  is  almust  barren;  and  such  children  as  are  bom — whether 
it  be  firom  two  half-bred  parents,  or  from  one  half-breed  parent  and  a 
member  of  either  purt!  race,  are  generally  weakly.  In  the  third  or 
fourth  generation  the  family  dies  out.  It  may  be  added  that  tbe  half- 
breeds  have  a  marked  tendency  to  baldness,  and  that  their  bodies  are 
much  less  hairy  than  those  of  the  genniue  Ainos.  This  fact  has  doubt- 
less helped  to  cause  the  divergence  of  opinion  with  regard  to  Aiiio 
hairiness.  For  the  comparatively  smooth  half  breeds  usually  speak 
Aino,  dress  Aino  fiishiuu,  and  are  accounted  to  be  Ainos,  so  that  travel- 
lers are  likely  to  be  misled,  unless  constantly  on  their  guard.  There 
seem  to  be  half- breeds  in  all  the  villages  whither  Japanese  peddlersiind 
fishermen  have  penetrated.  There  have  therefore  probably  at  some 
time  or  other,  been  half-breeds  in  every  section  of  Japan  where  the  two 
races  have  come  in  contact." 

If  t1ie.se  two  races  were  equal  in  civilization  and  in  natural  adapta- 
tion to  the  environment,  or  if  one  race  was  specially  adapted  t«  moan- 
tain  life  and  the  other  to  life  by  the  seashore,  it  seems  probable  that 
tbey  might  permanently  occupy  adjoining  countries  withoat  losing  imy 
of  their  distinctive  characteristics.  Broea,  after  careful  collation  of  al! 
the  information  that  could  be  gathered  fh>m  the  publications  of  trav- 
ellers and  liLstorians,  reaches  the  conclusion  "that  alliances  between  the 
Anglo-Saxon  race  and  tito  Australians  and  Tasmanians  are  bat  little 
prolific;  and  that  the  mulattoes  sprung  teom  such  intercourse  are  too 
rare  to  have  enabled  us  to  obtain  exact  particulars  as  to  their  viability 
and  fecundity."*  I  have  no  means  of  knowing  whether  later  investi 
gations  in  Australia  and  other  parts  of  the  world  have  thrown  fliller 
light  on  the  mutual  fertility  or  sterility  of  the  more  divergent  hntaan 
races,  but  I  am  inclined  to  think  that  the  interest  iu  the  snbject  has  de- 
clined since  Darwin  has  shown  that  such  data  can  never  afford  proof 
that  the  different  races  of  man  are  not  descended  from  common  ^* 
cestry.  There  are  however  signs  that  a  renewed  interest  in  the  sub- 
ject is  being  awakened  through  the  realization  that  it  has  a  direct  hew- 
ing on  the  theory  of  the  origin  of  species. 

IMPRROtfATtONAL  SRGRF.GATlOIt  A  CAITSE   OF  DIVRRGEITCR  IN  BOTH  rTB  KARI.tRB  ASP 
J.ATKR  8TAGBS 

As  we  liave  already  seen,  tbe  negative  factorst  segregate  vigor  ami 
segregate  fecundity  would  tend  to  produce  extinction  if  not  ass» 
dated  with  positive  forms  of  segregation.  But  iu  the  case  of  or 
ganisms  whose  fertilizing  elements  are  disributed  by  wind  and 
water,  tbe  qualities  that  produce  these  negative  forms  of  segrega- 
tion   are  usually  accompanied   by  those  that  produce  pre-potential 

"See  "Phenuinena  of  HybridLty  in  the  Genas  Homo."  By  Paul  Broca.  Englw* 
trauelation,  pnbliahed  for  the  Anthropological  Socisty  of  London  by  LangmUi 
Green,  I^nginiiu,  anil  Roberts  (1861),  pp. 45-60.  C_iOt  WiC 

t  For  B  definition  of  negative  Hegregation  see  page  309  of  tUl  paptit. 
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iCgng^ou,  which  io  in  m  imjioitBiiI  Oecrw  imshtv^.  ]>ir  *^e:  m 
potflDtial  segre^tioiL,  wbem  piradDcMl  i<,i mmiu  tUDcaaiw.'-::—-  b 
tween  a  few  individsiJs  mod  a  uiiiBeiiiu>-  {avec  Kbr^i..  u>-i>mu-  tv  i 
C(intiniiaDC«  and  dev^elopnsit  no  UkuI.  svmuiu..  w-  ii<r-«  t^::n3uam 
partially  secaring  tlw  iDterppuarxt^iHj  ••:  <  i'^  iii :-  v  juz*-.'  •  <>i 
patible.    On  the  M»e  liaud.  i]iippt:ziiati<iii.i    •-^.zr-:::.:-  •>.    ■^-i*-.-,     < 

some  degree  of  local,  f:flrmiiial.arllorj  -t:rT*^ai:'i   t     -    :ir- - 

featDieia  most  epecMs:  but.  oDtikFoiiifr  iia:i.  !,--•■  ..  -.^^  -. 
formfl  of  positive  negTfpmtin  lail  "■  v'.w:'-;:.  ^--  i»->:t:;w>--  ■  .- 
fence  till  aseoriated  witii  im]ir>-zuaiiM:'>>  f-'r*"— »  ■•-  i'-  '■■■  •■-■ 
effective  f«n»8  of  jMHinve  *»-2Te;»ti'ii- f.-:;  »- -■■  -.l  -  ■  . 
tilizatioaaL,  sexnal.  and  tx^ui"  itH«i^^jit  •:..  .r-— -  t/^,--i  ■  ■•  .  -.^  , 
tjonal  Begivgaticn.  iiuwiiitif.'l.  i**  lu*-  d-.*Tr^  -v  .-  *■.,,- ,.«-  -.  - 
prodacee  these  d«9*a»dr^  ou  imimifnixTi"  ..i    .^^^^^  ;  .^^...^ 

aU sodi  caacK.  inaeaatii;  u<^:tm<^  4if  «:-.»- —    •:  *.-      -i,    ■-'  . 

tion. aiMlcoBseqiHitiy  tif  direr^r-  n    'it-    t-tl.    ■ ^*.-     . 

most  aLw  dvpmd  ti}Mn)  tboMt  M^^rat'v-  i^r""-  —  .  ■  ■  ,.-,  ..  ., 
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that  has  many  members,  but  as  it  does  not  directly  produce  the  nega- 
tive BegregatioD  which  is,  in  sucli  cases,  the  necessary  antecedent  of 
permanent  divergence,  we  cau  not,  in  accordance  with  the  nsage  of  lui- 
guage,  call  it  tke  cause  of  the  iiermaneut  divergence.  Moreover,  thongh 
it  may  be  in  accordance  with  ordinary  language  to  call  the  negative 
segregatiou,  which  is  the  immediate  antecedent  of  the  jiermanent  diver- 
gence, the  caase  of  the  same,  it  will  be  more  correct  to  call  the  coin- 
cideiM^e  of  the  negative  and  positive  segregations  the  caose,  and  BtiH 
more  accarate  to  say  that  the  whole  range  of  vital  activities  (when  sub- 
jected to  the  limitations  of  any  sexual  incompatibility  that  corresponds 
in  the  groups  it  separates  to  some  previous  but  ineffectual  local,  germi- 
nal, or  floral  segregation)  will  produce  permanent  divergence.. 

In  many  cases  uot  only  is  the  entrance  of  impregnational  eegrega- 
tioii  the  cause  of  the  commencement  of  permanent  divergence,  bat  its 
continuance  is  the  cause  of  the  continuance  of  the  divergence.  The 
clearest  illustration  of  this  is  found  in  the  case  of  plants  that  are  fer- 
tilised by  pollen  that  is  distributed  by  the  wind.  All  the  higher,  aii 
well  as  the  lower,  groups  of  such  plants  would  rapidly  coalesce  ifeacli 
grain  of  pollen  was  otpitble  of  producing  fertilization,  with  equal  rer 
tuinty,  promptness,  and  eflicieQcy,  on  whatever  stigma  it  might  M. 
We  may  aliio  be  sun^  that,  with  organisms  that  depend  niton  water  for 
the  distribution  of  their  fertilizing  elements,  impregnational  segrega 
tiou  is  an  essential  foctor  in  the  development  of  higher  as  well  aa  of 
lower  taxonomic  groups. 

It  is  lni]H)rtitnt  to  observe  that,  in  the  cases  under  consideration,  til 
inferior  J'rrI Hit f/  or  rigor  resulting  from  the  crogMn(r  of  the  incompatible 
fonns  is  iw  truly  a  ciuise  of  divergence  as  the  inferior  opportunity  for 
crossing  wliii^h  fnnu  the  first  existed  between  the  members  occupying 
different  Iwalitles  or  between  the  flowers  growing  on  different  trees  of 
the  same  species.  The  fonuer  has  been  caUed  negative,  and  the  latter 
positive,  iU'git'gation,  not  for  the  sake  of  distinguishing  different  grades 
of  efHciency.  but  for  the  mike  of  indiruting  the  different  methods  of 
operation  in  the  two  classes  of  segregation. 

<■)  liMtitntional  segregation. 

Institutional  segregation  is  the  reflexive  form  of  rational  segregA- 
tiou.  It  is  prmlueed  by  the  nttionnl  purposes  of  man  embodied  in  in- 
stitutions that  prevent  ti'ee  inter -gene  ration  between  the  different  parts 
of  the  same  nu-e. 

As  the  princii>al  object  <>f  the  present  paper  is  to  call  attention  to 
the  causes  of  segregiUion  acting  imlei>eudeTitly  of  effort  and  coutriT- 
ance  direi'ttnl  by  man  to  that  end.  it  wilt  be  sufficient  to  euumerate 
some  of  (he  more  prominent  forms  under  which  institutional  segrega- 
tion presents  itMf,  noting  that  some  of  these  influences  come  in  as 
supplemental  to  the  laws  of  segregation  already  discussed,  simply  K- 
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enforcmgliyartiflvial  barriers  the  segregatioDs  that  have  their  original 
basiH  in  nature.  Tiie  chief  forms  that  ahonld  be  eunmcrated  are  na- 
tJQoal,  linguistic,  caste,  penal,  sanitary,  and  edncational  segregation; 
and  if  we  bad  not  aireatly  considered  industria]  segregation  in  the  pre- 
rions  chapter,  that  migiit  be  added.  . 

coNCLroma  beharks. 

Besides  artificial  and  institutional  Begregatioii,  which  depend  on  the 
rational  purpose  of  man,  we  have  now  considered  numerons  forms  of 
segregation,  resting  on  no  less  than  18  groups  of  purely  natural  causes. 
Owing  to  the  length  of  this  paper  I  deem  it  wise  to  bring  it  to  a  close 
without  discussing  the  laws  that  co-operate  in  intensifying  the  effects 
directly  produced  by  the  segregative  causes  already  considered.  As  I 
have  shown  in  Chapter  II,  segregation  is  not  simi)ly  the  independent 
generation  of  the  different  sectioiiH  of  a  npecies,  but  the  independent 
^Deration  of  nections  that  differ;  and  though  no  one  will  believe  that 
any  two  sections  of  a  si>e€ies  arc  ever  exactly  equivalent,  it  is  evident 
that  the  degrees  of  difference  may  be  greater  or  less,  and  that  what- 
ever causes  a  greater  difference  in  two  sections  that  are  prevented  from 
intergenerating  will  also  be  a  cause  of  increased  segregation. 

It  has  been  observed  that  some  of  the  causes  enunier:!ted  in  this  and 
the  previous  chapter  are  primarily  separative,  and  that  no  one  of  those 
that  are  primarily  segregative  is  at  any  one  time  segregative  in  regard 
to  many  classes  of  cliarat^ters.  Ah  several  forms  of  segregation  may 
co-operate  in  securing  a  given  division  of  a  sjiecies  and  one  form  is 
saper-imposed  upon  another  the  aggregate  effe<:t  must  be  incalculably 
great;  but  we  easily  perceive  that  it  may  he  indefinitely  enhanced  by 
causes  producing  increased  divergence  in  the  segregated  branches. 
The  causes  which  produce  monotypic  evolution  wheu  associated  with 
inter-generation  must  be  equally  effective  in  produc^ing  jwlytipic  evolu- 
tion when  associated  with  se-generatiou,  whether  in  its  separative  or 
segregative  forms.  But  the  discusision  of  intensive  segregation  must 
be  reserved  for  another  occasion. 

Believing  that  the  study  of  cumulative  segregation  in  it«  relations  to 
the  other  factors  of  evolution  will  throw  light  on  the  origin  of  species 
far  beyond  what  I  have  been  able  to  elicit,  I  trust  the  subject  will 
secure  the  attention  of  those  who  enjoy  better  opportunities  than  I  do 
for  carrying  forward  such  investigations. 
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THE  STRUGGLE  FOB  LIFE  IN  THE  FOREST.* 


By  Jambs  Kodway. 


Guiana  is,  above  everytliing  else,  famous  for  its  varied  and  rampant 
rorms  of  vegetable  life.  It  is  a  country  of  magniflvetit  timber  trees, 
elegant  palms,  woaderful  creeping,  climbiDg,  and  Hcrambling  vines, 
enonuous  arums,  aud  stately  grasses.  All  of  these  seem  conscious  that 
they  liave  ta  straggle  for  existence  and  tliat  the  fittest  only  will  sor- 
TJve.  Here  we  have  no  forest  of  one  species — in  which  there  appears 
to  be  something  like  combination,  but  every  plant  isau  individual,  and 
as  such  strives  with  alt  its  might  to  get  ahead  of  its  neighbor,  no  mat- 
ter how.  Its  whole  aim  aud  end  is  to  obtain  a  share  of  the  bright  sun- 
light which  is  so  plenteonsly  bestowed,  but  nevertheless  is  so  hard  to 
get  at.  As  long  as  the  individual  succeeds  it  does  not  care  what 
becomes  of  the  others;  "everyone  for  himself  and  the  sunlight  for  him 
kLo  outstrips  the  others"  appears  to  be  their  motto. 

Myriads  of  seeds  are  distributed  in  every  direction;  some  are  eateu 
by  birds,  others  by  quadrupeds  and  monkeys,  while  the  vast  majority 
are  washed  away  by  floods  or  die  tii  the  tirst  stage  of  babyhood.  A 
bnndred  may  germinate  under  one  tree,  but  what  poor,  puny  things  they 
are!  They  try  their  best  to  raise  themselves  toward  the  light  above  their 
lieads,  but  without  a  share  of  that  light  they  have  no  strength.  Their 
seed  leaves  are  almost  colorless,  while  their  stems  are  so  fragile  that  they 
often  break  off  by  their  own  weight.  One  by  one  they  fall  and  die. 
Here  and  there  however,  in  some  place  where  a  few  rays  of  Ught  have 
SDcceeded  in  penetrating  the  canopy  of  foliage,  one  of  them  becomes 
strong  enough  to  get  over  its  first  difticulties.  Then  it  uses  up  all  its 
strength  to  pnsh  its  way  up  and  up  until  it  arrives  at  the  tttp.  It  does 
not  waste  its  energy  by  spreading  in  any  way,  either  in  the  stem  or  by 
branching,  but  straight  and  thin  as  a  walking  stick  at  Isist  forces  its 
way  into  the  sunlight.  Now  comes  a  transformation ;  like  a  giant  forcing 
his  way  through  a  crowd  it  pushes  out  a  branch  in  this  direction'  and 
another  in  that  until  it  succeeds  in  elbowing  itself  into  a  good  place. 

Except  at  night  there  is  no  rest  in  the  trojiical  forest.  The  struggle 
goes  on  all  through  the  year,  being  perhai>8  only  a  little  less  in  the  dry 
season.    No  nice  winter's  sleep  is  possible,    Man  aud  the  higher  ani- 

*  From  "  ntNetri,"  Journal  of  the  Royal  AgrirHllural  and  Connnerrinl  I'ociels  of  Brit- 
itk  Gmitna.    June,  1891 ;  toI.  v  (new  aerien),  pp.  13-33. 
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mals  may  take  tbiDgseasy,  but  not  so  the  trees.  In  the  fp:«at  cities  of 
Europe  men  Itave  to  cany  on  jnst  such  a  struggle,  but  plauts  in  tem- 
perate climates  jog  along  quietly ;  here  the  case  is  reversed.  From 
dawn  to  sunset  trees  are  hard  at  work — you  can  almost  see  some  of  them 
growing — and  as  may  natarally  be  supposed,  they  must  have  a  little 
rest  at  night.  The  tree  is  thoroughly  exhausted ;  its  branches  lose  theii 
stiShess,  while  the  leaves  droop  and  fold  themselves  together.  Unlike 
those  of  temperate  climates,  the  trees  of  the  tropics  all,  more  or  less, 
show  these  signs  of  exhaustion  toward  sunset. 

Forest  trees  have  not  only  to  contend  with  each  other, — this  is  a  fair 
light  where  ii'  not  equally  matched  they  are  nearly  so, — but  the  strug- 
gle must  be  carried  on  against  interlopers  of  various  kinds.  Creeping, 
twining,  and  scrambling  vines  are  determined  somehow  or  other  to  get 
a  share  of  the  sunlight.  "There  is  plenty  of  room  at  the  the  top,"  but 
they  have  to  get  there.  Without  light  they  are  like  the  young  trees, 
poor,  sickly,  washed-out  things,  hardly  able  to  to  raise  themselves  even 
with  the  aid  of  the  stems  of  trees  or  other  climbers  like  themselves. 
Some  few  do  succeed,  however,  one  way  or  another — one  species  of  Big- 
nonia  by  means  of  veritable  claws — and  when  they  get  to  the  top,  bow 
they  do  revenge  themselves  on  the  forest  trees  which  have  stood  in  their 
light.  We  can  fancy  one  of  them  saying,  "Kow,  I  am  going  to  smother 
you."  And  it  does  so  in  many  cases.  It  branches  out  here,  ther«<,  and 
everywhere,  spreading  its  leaves  upon  those  of  its  support,  until  even- 
tually a  wealth  of  brilliant  dowers  open  out,  eclipsing  those  of  the  trees 
altogether.  As  its  branches  extend  the  stem  swells  and  hardens  until 
it  looks  like  a  great  henii>en  cable,  which,  if  it  happens  to  be  a  twiner, 
constricttf  itH  support  in  serpent-like  folds  nntil  perhaps  the  tree  is  stran- 
gled to  death.  But  this  does  not  matter,  for  by  that  time  the  rampant 
monster  has  spread  itself  over  a  dozen  giants  of  the  forest  where  it 
revels  in  the  snnliglit  and  seems  to  crow  over  its  victory. 

Perhaps  the  most  insidious  enemy  against  which  the  forest  tree  has 
to  contend  is  the  class  of  stranglers  such  as  clusias  and  figs.  Birds 
eat  the  fruit  of  these  horrible  plants,  and  deposit  the  seeds  in  the  top- 
most forks  of  some  forest  giant,  where  they  germinate.  One  of  these 
succeeds  in  getting  ahead,  and,  as  its  leaves  oi>eu,  it  extends  a  number 
of  at^rial  roots  down  the  tnuik  of  the  tree  until  they  reach  the  farth. 
There  they  go,  crawling  down,  and  like  very  long  worms,  apparently  quite 
harmless,  clinging  to  the  bark,  but  seeming  otherwise  entirely  wanting 
in  either  ability  or  desire  to  injure.  Now  the  strangler  has  gained  its 
footing  and  begins  to  feel  its  power.  The  aerial  roots  expand  laterally 
until  they  actually  run  into  each  other  and  cover  the  trunk.  We  can 
almost  fancy  the  magnificent  forest  tree  protesting  strongly,  as,  octopus- 
like, the  clusia  begins  to  compress  and  strangle  it.  It  may  protest  as 
much  a»  it  likes,  but  that  makes  no  difference;  the  clusia  grows  stronger 
and  stronger,  until  by  and  by,  as  the  strangler  opens  its  magnificent 
''>wers  to  the  sun  and  glories  in  its  conquest,  the  poor,  unforta- 
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nKte  victim  droops  and  dies. .  Then  the  trtmk  becomes  diseased,  wood 
ants  t>egiii  their  work,  and  finally  nothing  is  left  but  the  hollow  cylinder 
of  the  strangler. 

There  is  yet  another  foe  to  the  giant  of  the  forest,  the  parasite  or 
bloodsucker,  the  leech  of  the  vegetable  kiugdom.  Like  tlie  leech,  it  is 
not  very  large  in  comparison  with  ittt  victim,  but  that  does  not  matter, 
as  it  makes  np  in  nnmbers  what  it  lacks  in  size.  These  plants,  called 
bird  vines  {LorantluKea;),  are,  like  the  tttranglera,  distributed  by  birds. 
The  seeds  are  covered  with  glutinous  pulp,  which,  when  tliey  are 
droppeil  by  birds,  enables  them  to  adhere  to  the  branches  of  the  trees. 
Here  they  sprout,  and  with  their  young  leaves,  produce  ueruil  roots, 
covered  with  suckers,  which  run  along  and  iasiuaate  themselves  into 
the  cracks  of  the  bark,  condtmally  noorishiug  themRelves  on  the  life- 
blood  of  their  victims.  As  the  lorsnth  extends  itself,  it  seems  to  revel 
iu  the  mischief  it  is  producing,  looking  bright  and  happy  in  contrast 
with  its  miserable  victim,  whose  limbs  begin  to  wither  and  fall,  until 
ultimately  the  branch  becomes  dry  and  t)rittle,  when  perhaps  some  day 
it  breaks  off  by  its  own  weiglit  and  comes  to  tlie  ground,  bringing  its 
murderer  with  it.  Sometimes  the  whole  tree  will  be  covered  witli  para- 
rates  and  ultimately  succumb  to  the  continual  drain,  but  more  often  it 
anrvives  in  a  most  miserable  state  of  weakness,  being  hardly  able  to 
produce  flowers, much  less  fruit.  Likeanian suffering  under  a  chronic 
disease,  it  drags  along  its  melancholy  existence  until  all  its  branches 
wither,  wben  the  parasites,  having  nothing  to  live  on,  suffer  a  just  ret- 
ribution. However,  there  are  always  plenty  of  others  to  keep  up  the 
fight,  as  the  species  are  very  numerous,  while  the  seeds  germinate  by 
thousands. 

Although  there  is  a  scarcity  of  the  larger  animals  iu  the  forest,  this 
is  compensated  by  the  wealth  and  variety  of  the  insect  world.  Ants 
are  present  in  myriads,  some  of  them  making  sad  havoc  on  the  foliage 
sod  adding  to  the  numerous  foes  against  which  the  forest  giant  has  to 
contend.  Then,  there  is  the  great  army  of  wood  ants,  or  termites, 
which  are  the  scavengers.  When  a  tree  is  elbowed,  smothered,  strangled, 
or  sucked  to  death,  the  wood  ants  are  ever  in  readiness  to  dispose  of 
its  remaina  However  hard  the  timber  may  be,  it  is  not  too  tough  for 
these  insigaiflcant  creatures.  To  look  at,  they  appear  the  weakest  of 
all  insects.  Unable  to  stand  even  the  subdued  lightof  the  forest,  hav- 
ing to  buUd  covered  tunnels  so  as  to  be  always  in  darkness,  they  are 
nevertheless  able  in  a  comparatively  short  time  to  make  a  fallen  trunk 
as  fragile  as  an  eggshell.  In  wandering  through  the  forest  you  come 
uptm  an  enormous  truulc  lying  luiross  your  path.  It  is  too  large  to 
step  over,  so  you  put  your  foot  upon  it,  when,  with  a  crunch,  crunch,  the 
apparently  hard  timber  crumbles  like  a  mummy,  while  the  wood  ants 
are  scattering  in  every  direction  to  get  under  cover.  In  the  larval  state 
tbe  insect  world  is  aJso  the  sworn  foe  of  the  tree.  The  elegant  palm 
has  its  canker  at  the  heart  in  the  shape  of  the  borer  beetle.     These 
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princes  of  the  vegetable  kingdom  are  ver^  tender;  n  single  larva  will 
kill  the  strongest  ot  tbem.  There  they  stand,  like  kinga  deprived  of 
their  crowtiK,  until  the  inevitable  scavengers  come  forward  audcram- 
blu  them  into  mold. 

Ill  the  groat  atrntiglu  for  light,  which  means  life  in  the  forest,  there 
Is  no  ])litce  for  small  herbaceous  plants.  Such  little  beauties  us  daisies 
and  primroses  could  find  no  sunny  banks  or  fields  to  bask  in.  The 
ground  is  strewu  with  dead  leaves  and  withered  petals,  which  have 
fallen  from  the  canopy  above,  and  sometimes  you  pick  up  a  flower  or 
seed  and  wonder  whit-h  tree  it  came  from.  You  look  up  and  try  t« 
identity  the  foliage  of  some  particular  tri;e,  but  they  are  so  intermtn- 
gle<i  that  this  i,i  almost  impossible.  There  is  hardly  anything  to  be 
seen  in  the  dense  forest  save  an  interminable  jumble  of  trunks  and 
bush  r<>iH>s.  However,  flowers  are  not  entirely  absent.  Scattered  here 
and  thero  may  bo  found  a  few  leafless  rout  parasites.  One  orchid,  the 
\ViilUrhtrgflia  aphglUif  is  able  to  exist  in  the  half-light,  together  with 
thr«'e  siietuitt  of  Vtigrin.  Except  one  of  the  latt«r,  which  is  like  a  min- 
iature yellow  crocus,  these  plants  are  particularly  delicate,  poor,  pale, 
sickly  looking  creatures,  that  seem  ready  to  full  to  pieces  by  their  own 
weight,  although  they  are  only  2  or  3  inches  high. 

However,  hertiat'iHtiis  plants  are  not  wanting  iti  the  forest.  Liet  us 
siugh>  out  a  giant  Mora,  if  we  can,  and  use  a  glass,  when  we  shall  see 
that  its  limbs  are  covpr^nl  with  small  plants,  which  may  be  recognized 
aa  orchitis  urnX  brt)melias.  Far  above  our  heads  are  the  reprcseutstives 
of  Shak©s|tenr»'"s  -long  purples"  and  the  other  temperate  orchids 
which  <bH<onitc  the  Kuglish  meu<lows.  There  they  sit,  lUO  to  130  feet 
above  our  heads,  "born  to  blush  unseen,"  as  far  as  the  human  eye 
is  ivntf  nunl.  Nevertheless  they  live,  and  iterhaps  enjoy  life,  doing 
their  work,  and  doing  it  adnttrabiy.  They  do  not  elbow  their  netgh- 
iHtr^  nor  do  they  tonother,  str-ingle,  or  suck  them,  but  simply  make 
use  of  the  ttipnit^st  bntnches  of  the  forest  giants  as  resting  places- 
The  on'hid  gras)>s  its  snp]Htr(  in  a  loviug  manner,  holding  it  tightly, 
but  not  like  the  luimsite.  to  gel  tat  at  its  expense.  No.  the  orchid  has 
siu<tH<«Hled  in  niakir),^  it.-^'lf  almost  inde)>entlen(.  It  is  satistied  with  a 
httle  light :  jui  thorx*  is  no  mn-essity  for  interfering  with  its  host.  Hav- 
ing, as  it  wen-,  suwti-^lett  in  getting  out  of  the  turoMul  of  the  fight,  it 
dt>Mntte«!  the  bniwtiy  limbs  of  the  for^'st  gi;nit  with  its  brilliant  llow- 
vrs,  and  in\  iics  the  Kh-s  nn<l  buttcrdies  to  come  t-i  its  nnptials. 

Alihon^h  it  apiKtr^'utly  Ukes  i!,:u^#  very  e;isy,  the  onrhid  is  by  no 
UH>unsiille,  while  it^  (xviitiou  (nd^y  represents  iht^ontt.'omeof  genera- 
th'Ms  t»f  suvailx-  work.  lUviuj:  no  o'uuection  with  the  soil,  it  has  to 
jraihrt  its  foinl  ftviw  the  .4;r.  r,»iu.  a:;.l  dew,  jiid  uot  only  to  coDect,  but 
aKtiostorv  II.  .VltSMUii-i  r,»ius  aiv  trevpieul  euongh,  still  tbere  are 
dry  s»^*s*>ns,  >»hc;t,  u;>vicr  th.-  tr.ijK.-jiI  hi:\»;.  a  p:.*;u  in  soch  a  {tosition 
-  j!-.d  .i,i»  u,;:vi-i  M-ue  pryi.-;  -u  «,t>«  uude  fortbe^e  fontia- 
k*  t'.»^  i':A;>:s  ot"  th*  dosses,  ih*-  or\-hi<i  storns  ite  fiMtdin 
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autivipatioii  of  ii  drouglit,  but  ©very  family,  aud  almost  every  species, 
does  tLis  in  a  different  manoer.  Some,  like  (tneidium  Laneeanum,  lay 
tip  their  store  in  thick,  leatliery  leaves,  so  that  they  can  enjoy  plenty  of 
simliglit  withont  injury.  Others,  like  the  Cattlega,  liave  thick  leaves 
and  swollen  stems,  which  latter  is  one  of  the  forms  of  tlie  pseudo  bulb^ 
and  is  peculiar  to  the  orchid  family.  Where  the  leaves  are  thin  the 
pseudo  bulbs  are  often  very  large,  so  that  if  every  leaf  should  be  dried 
up  the  plant  still  retains  its  vitality.  In  some  cases  the  st^ire  of  food  is 
laid  np  in  cylindrical  leaves,  some  resembling  porcupine's  quills,  others 
like  yard  lengths  of  thick  twine;  in  others,  there  is  a  plump,  flesliy  stem 
which  answers  the  same  pnr{>ose.  A  few  species  have  no  leaves  or 
psendo  bulbs.  In  such  cases  their  aerial  roots  perform  all  the  functions 
ofbotli. 

The  Bromeliacea;  wild  pines  as  they  are  calle«l,  have  chosen  an 
entirely  different  manner  of  storing  water  against  a  dnmght.  Fold- 
ing the  bases  of  their  leaves  togellier,  and  tightly  overlapping  one 
upon  another,  a  cop  is  forme*!,  which  retains  n  sb»re  of  water  for  sev- 
eral weeks.  Every  leaf  being  a  natural  gutter  leading  to  this  reser- 
voir, the  plant  succeeds  in  gathering  a  little  water  with  every  sliower, 
80  that  it  is  hardly  ever  actually  dry.  Taking  advantage  of  this,  a 
species  of  Vtricjilaria,  a  strictly  a^iuatic  plant,  has  succeeded  in  locat- 
ing itself  in  these  little  pools,  where  it  luxuriates  fivr  above  its  swamp- 
dwelling  cousins.  Not  satisfied  with  this  wonderful  contrivance,  the 
Bromelia  has  also  develoi>ed  a  peculiar  texture  of  IcAf,  almost  as  tough 
as  horn,  but  at  the  same  time  quite  flexible,  which  enables  it  to  stand 
such  a  strong  heat  and  glare  as  would  cripple  the  more  delicate  crchid. 

Learing  the  dense  forest,  in  wliich  only  winged  creatures  can  well 
observe  the  struggle  for  life,  we  come  across  a  river  or  creek,  which,  if 
it  is  wide  enough,  breaks  the  continuity,  and  allows  a  streak  of  sun- 
light to  penetrate.  If,  on  the  contrary,  the  creek  be  only  a  narrow  one, 
tiie  forest  trees  meet  overhead,  or  we  paddle  our  canoe  under  their 
trunks  and  branches,  which  lean  over  and  almost  choke  the  passage. 
Where  the  river  is  broad  the  forest  slopes  down  to  it,  looking  at  a  dis- 
tance as  if  there  were  a  high  embankment  when  actually  the  shore  is 
quite  flat  tor  a  long  distance  beliind.  Here  the  struggle  for  life  can  be 
folly  appreciated,  as  the  vegetiition  is  nearer  the  eye.  All  along  the 
hanks,  withont  a  single  break,  shrubs  and  low  trees  are  densely  ])acked 
together,  each  trying  to  find  room  for  itself  nt  tlie  exjietise  of  its  neigh- 
bor. They  take  up  every  inch  of  available  sjtace,  extending  their 
braQchcs  as  far  as  ]>ossible  over  the  stream,  while  the  creeping  and 
scrambling  vines  take  advantage  of  this  to  spread  themselves  over  the 
whole  face  of  the  embankment  of  foliage,  festooning  it  with  their  gay 
flowers  and  revelling  in  the  fact  that  they  have  succeeded  in  "coming 
over  "  their  supporters.  Sometimes  retribution  overtakes  tbem,  as  they 
make  the  slirub  or  tree  so  top-heavy  tbat,  when  a  flood  comes,  the 
root6  are  loosened  aud  the  swift  current  tears  away  the  whole  mass, 
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leaving  the  remains  of  the  lately  crowing  smotherer  braised,  toni,  and 
bleeding. 

The  elbowing  which  goes  on  here  differs  from  that  in  the"higti 
woods"  in  the  fact  that,  the  etraggle  being  so  mnch  the  greater,  the 
army  of  combatants  has  put  on  armor.  Tliere  are  no  weak,  soft  crea- 
tures here.  Almuot  as  soon  as  the  seedlings  grow  they  assume  their 
weapons.  Cover  a  man  from  head  to  foot  with  needles  all  pointing  oat- 
ward,  and  set  him  to  elbow  himself  through  a  crowd,  and  yon  have 
something  like  what  is  actually  the  fact  with  a  genus  of  comparatively 
low  palms  {Bactris).  The  stems  are  densely  clothed  with  ne«dle-like 
spines,  while  the  ribs  of  the  fronds  have  the  same  aggressive  spikes, 
all  seeming  to  say  defiantly  ''  Koli  me  iangere  !  "  Not  content  with  » 
single  stem,  theso  palms  grow  in  clomps,  every  new  sucker  taking  its 
place  beyond  the  others  and  pushing  its  weaker  neighbors  farther  ont 
of  the  way.  Most  of  the  low  shrubs  have  stiff  and  rigid  branches, 
which  of  themselves  form  a  protection,  but  not  cont«nt  with  this,  they 
often  have  short,  stiff  thorns,  ready  to  tear  both  the  leaves  and  stems 
of  any  yonng  plant  which  tries  to  force  its  way  through  them.  Having 
to  contend  against  such  strong  opponents,  tbe  climbers  put  on  their 
armor  as  weU.  The  I>esfnoncu»  covers  its  stem  with  spines,  and  insinu- 
ates its  young  fronds  through  some  little  gap  toward  the  light.  Step 
by  step  it  ascends,  the  fronds  opening  one  by  one,  each  provided  with 
a  most  formidable  arrow-head  having  a  dozen  pairs  of  barbs,  which 
effectually  hold  up  the  weak  trailing  stem.  These  barbs  are  most  dan- 
gerous weapons  of  offense  to  boatmen  coming  swiftly  down  the  streams, 
as  they  hang  over  as  if  fishing  for  anything  that  comes  in  their  way. 

Beyond  the  line  of  bushes,  and  a<rtnally  in  the  water,  grows  the  tree- 
like Mocca-Mocca  (Montrtchardia  arhore«cens),  a  carious  species  of  amid 
which  has  succeeded  in  developing  itself  to  a  wonderful  size.  In  its 
young  state  it  is  prorided  with  spines,  so  as  to  be  able  to  pnsb  its  way, 
but  as  it  grows  upward  these  are  no  longer  necessary,  and  are  there- 
fore not  foond  on  tlie  npper  part  of  the  st«m.  When  the  water  is  shal- 
low they  form  an  impenetrable  phalanx  of  several  yards  deep  all  along 
the  shore,  their  stems  being  often  20  feet  high  and  packed  as  closely 
together  as  possible. 

It  might  be  supposed  tliat  the  grasses  other  than  bamboos  would  be 
entirely  absent  from  the  forest  region,  but  such  is  not  the  case.  One 
species,  Fanictim  elephantipes,  has  succeeded  in  getting  over  the  diffi- 
culties by  taking  its  place  as  a  wat«r  plant.  Being  pi-ovided  with  large 
creeping  hollow  stems,  it  anchors  itself  to  the  branch  of  some  tree 
that  meets  the  water,  and  from  this  point  extends  outward  and  along 
the  shore.  Growing  very  quickly,  it  often  covers  the  surface  for  some 
distance  from  the  line  of  mocca-moccas,  and  might  prove  a  formidable 
obstruction,  did  not  the  river  swell  at  intervals  and  carry  ofi  large 
masses,  like  floating  islands,  down  to  the  sea.  .  -  \  i  ^  I  ^ 

Beyond  the  fringe  of  riunpant  vegetation  nothing  cui' be  rtsh  from 
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the  river,  bat  by  puBhing  aside  the  branches  and  creepers,  so  as  to  get 
behind  the  veil,  orchids  may  be  seen  gm  wing  luxuriantly  in  great  uum- 
bera.  Here  live  thoae  species  that  delight  in  plenty  of  moisture,  and 
that  can  not  endure  the  drier  atmosphere  which  is  met  with  in  the  "  high 
woods."  This  is  the  home  of  Zygopetalon  rottratum,  which  is  enabled 
to  floorish  and  produce  its  beautifal  white  flowers  In  more  gloomy 
recesses  than  most  of  the  others.  It  has  developed  a  creeping  habit, 
by  which  it  seems  to  derive  benefit,  being  able  by  this  means  to  grow 
upward  on  a  branch  as  the  tree  extends  itself.  When  this  species  is 
plentiful  it  forms  quite  a  pretty  decoration  to  the  rugged  branches. 

The  places  where  orcliids  are  seen  to  advantage  are  not  however  on 
the  banks  of  the  great  rivers,  but  rather  on  those  tliat  are  wide  enough 
to  allow  amoderatequautityof  liglitto  penetrate.  Not  having  sufficient 
sun-light  to  produce  rampant  vegetation,  such  places  are  very  congenial 
to  a  great  number  of  species.  High  above  the  water  rise  the  giant  moras 
and  other  immense  timber  trees,  while  here  and  there  a  great  trunk  leans 
across  the  creek,  its  upper  sur£ace  decorated  with  creeping  ferns,  pep- 
eromias,  and  the  smaller  species  of  orchids,  such  as  Pleurotftallis  and 
DiehtBO.  In  someof  the  larger  forks  growimiiiense masses  of  Oncidium 
aUissimum,  often  3  or  4  feet  across,  their  elegant  llower  stems  being 
10  or  12  feet  high,  hanging  or  curving  gracefully  over  and  loaded  with 
hundreds  of  pretty  yellow  flowers.  BraNsias  are  also  very  common, 
while  here  and  there  Stanhopea  eburnea  perfiiines  the  air  with  its  large 
ivory-white  x>Bndu1ous  blossoms.  As  the  creek  twists  and  turns  about 
»  new  vista  is  opened  at  intervals,  every  short  reach,  from  the  different 
degree  of  light,  showing  some  diversity  in  its  forms  of  vegetation.  Now, 
as  the  creek  narrows,  the  canoe  is  paddled  through  a  gloomy  cavern 
almost  as  dark  as  night,  from  which  the  exit  appears  at  a  distance  like 
the  termination  of  a  tunnel.  Then  comes  a  wide  bay  where  the  sun 
shines  in  all  its  brilliancy.  Here  a  mass  of  vegetation  chokes  the  pas- 
sage, and  the  cutlass  has  to  be  UKcd  freely,  while  a  little  farther  a  for- 
est tree  has  fallen  right  across  the  streiim,  giving  perhaps  an  hour's 
work  with  the  ax  before  the  canoe  can  be  pushed  through,  hauled  over, 
or  drawn  under. 

On  leaning  trunks  or  projecting  branches  the  catasetnms  are  gener- 
ally plentiful.  There  are  several  species,  which  live  under  entirely 
different  conditions,  and  taken  altogether,  this  genus  is  perhaps  the 
best  example  of  adaptation  to  circumstances  in  the  orchid  family.  On 
the  borders  of  the  swamps,  where  only  the  eta  palm  will  grow,  Catase- 
tum  Umgi/oUum  flnds  a  congenial  home  among  its  lower  fh>nd8.  There 
the  orchid  hangs  downward  and  waves  its  long  grass- like  leiives  in  the 
wmd.  Catasetum  discolor,  as  a  contrast,  has  come  down  to  the  ground, 
and  on  the  sand  reef,  where  the  forest  trees  find  it  hard  to  live,  this 
species  revels  in  the  poorest  soil.  Being  provided  with  large  pseud" 
bulbs,  the  Catasetum  endures  the  change  of  seasons  witliout  tnjn 
Although  its  leaves  are  generally  thin  and  are  liable  to  be  dried 
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during  a  drought,  this  does  not  injure  it,  as  the  reservoir  of  food  enables 
it  to  wait  patiently  and  even  flower  under  such  conditions  as  might  be 
fatal  to  many  other  orchids.  As  if  this  were  not  enough,  several 
species  have  developed  a  faculty  which  is  almost  unique  in  plants, 
although  well  known  in  the  case  of  bees,  that  of  producing  male  or 
female  according  to  circumstances.  In  the  case  of  Cataaetum  tridenta- 
turn  there  are  three  distinct  shapes  of  flowers,  which  differ  so  much  &om 
each  other  that,  until  Schomburgk  found  them  growing  on  the  same 
plant,  they  were  described  not  only  as  separate  species,  but  even  differ- 
ent genera.  The  male  was  known  as  Mpantkus  barbatus,  the  female  as 
Monackaitthus  vtridia,  while  the  third  form,  which  appears  to  be  her- 
maphrodite, went  by  what  is  now  the  name  of  the  species,  Catasetum 
trid^ntatum.  When  this  plant  has  plenty  of  food  it  produces  a  spike 
of  female  or  berma,]>hroclite  flowers,  which  are  thick  and  fleshy,  resem- 
bling in  shape  au  old-fashioned  woman's  cap  or  suubonnet.  The« 
flowers  and  their  attendant  capsules  require  a  special  eflbrt,  and  can 
only  be  satisfoctorily  produced  when  the  plant  is  iu  good  condition. 
During  a  drought,  wheu  the  plant  is  half  starved,  it  would  be  unable 
to  supijort  such  a  strain,  therefore  a  few  lighter  and  more  elegant  male 
flowers  are  produced,  and  as  there  will  always  be  some  stronger  plants 
to  produce  those  of  the  opposite  sex  the  work  of  the  weaker  is  not  lost 
If  oue  passes  under  one  of  these  plants  when  in  flower,  a  swarm  of 
yellow  and  black  bumblebees  {Eulema  dimidiata)  are  seen  hovering  in 
its  neighborhood  and  flying  from  flower  to  flower.  Except  in  this 
locality  not  a  single  bee  is  to  be  seen,  and  perhaps  a  collector  might 
search  for  miles  without  finding  a  specimeu.  But  when  the  Catasetum 
opens,  whether  it  is  hidden  in  the  fork  of  a  tree,  perched  far  up  among 
the  foliage  of  the  eta,  or  on  sand  thrown  up  from  a  charcoal  pit,  the  in- 
sect is  sure  to  find  it  out.  The  flowers  are  not  generally  brilliant  or 
showy,  neither  have  they,  like  the  Stanhopeas,  any  strong  perfumes, 
but  nevertheless  the  bees  discover  them  at  once.  Even  in  George- 
town, where  many  orchids  do  not  find  their  fertilizing  agents,  and  con- 
sequently remain  barren,  no  sooner  does  the  spike  of  flowers  open  than 
the  bees  swarm  round  it.  However  it  may  be  obstructed  by  foliage  or 
hidden  in  some  out-of  the-way  corner,  the  buzzing  is  heard  in  the  early 
morning,  telling  anyone  wlio  has  his  eyes  open  that  a  Catasetum  is 
flowering.  Having  succeeded  in  attracting  the  bee  from  a  distance  in 
some  unaccountable  way,  a  feast  is  provided  in  the  shape  of  a  littJe 
reservoir  of  nectar,  to  prot^uie  a  sip  of  which  the  bee  has  to  bring  its 
head  in  contact  with  a  pair  of  incurved  antennie,  one  of  which  is  veiy 
sensitive.  Immediately  on  touching  this  the  cover  of  the  little  case 
couUiining  the  pollen  masses  flies  off,  and,  like  a  skip  jack,  these  spruig 
out,  when,  by  means  of  a  sticky  disk  with  which  they  are  provided, 
they  adhere  to  the  back  of  the  insect  and  are  carried  to  another  flbvet. 
Here  the  pollen  masses  come  ia  contact  with  the  stigma  and  the  flover 
is  fertilized.  L:iyii,^euL70oOQlc 
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Han^iig  from  a  creeper  or  branch  may  be  seen  here  and  there  iin 
oval,  bag-like  mass  of  aerial  roots,  something  like  one  of  the  nesta  of  tbe 
troupials  so  common  on  the  silk  cotton  tree,  above  which  are  the 
psendo  bulbs  and  leaves  of  that  wonderful  orchid,  the  Goryantbes. 
After  throwing  oat  two  or  three  roota  to  attach  itself  to  its  sup^MiTt,  it 
develops  an  interlacing  network  all  round,  in  a  way  almost  pecnliar  to 
the  genus.  At  first  sight  it  would  be  bard  to  say  what  purpone  could 
be  served  by  such  a  contrivance,  but  strike  or  shake  the  plant  aud  it 
Till  be  seen  that  it  is  nothing  less  than  a  veritable  ant's  next.  The 
orchid  is,  like  other  plants,  subject  to  the  attacks  of  many  foes  such 
Hflcockroacbesand  larvie,  which  are  particularly  fond  of  the  aerial  roots. 
To  protect  itself  against  these,  the  Coryanthes  has  choseu  to  provide 
a  comfortable  nest,  wherein  a  garrison  of  carnivorous  ants  find  shelter, 
they,  in  return  tor  the  accommodation,  being  ready  to  come  out  and 
fight  at  the  first  alarm  of  an  enemy.  Other  orchids  which  live  in  the 
tree  tops  are  not  so  subject  to  crawling  insects  as  those  nearer  the 
^ond,  and  for  that  reason  it  appears  that  they  have  never  seen  the 
necessity  for  this  spei'.ial  protection.  Epidendran  {Diacrium)  bicornu- 
turn  has  obviously  felt  this  need,  and  set  to  work  in  its  own  way  to 
accommodate  a  garrison.  Being  provided  with  long,  cylindrical  psendo- 
bnlha,  it  has  left  these  hollow,  and  for  a  doorway,  allowed  the  shell  to 
split  for  about  a  quarter  of  an  inch  at  the  base.  In  these  well-pro- 
tected homes  the  ants  live  and  thrive,  and  in  return  for  their  lodging, 
like  those  of  the  Coryanthes,  are  a  standing  terror  to  evil  doers.  Other 
orchids,  such  as  Oongora,  provide  a  half-shelter  for  ants,  but  their 
elTorta  in  that  way  are  of  little  importance  as  compared  with  Cory- 
anthes and  Diacrium. 

Having  provided  a  guard  against  crawling  vermin,  the  Coryantbea 
proceeds  to  develop  a  most  wonderful  flower,  in  which  every  part  is 
obviously  formed  to  attract  a  particular  insect.  The  majority  of  insect- 
fertilized  flowers  are  grateful  for  the  visits  of  either  bees,  butterflies,  or 
fiies,  but  not  so  the  Coryanthes.  It  has  laid  itself  out  cmly  to  catch 
and  utilize,  without  hurting  it,  abeantifiil  metallic  green  bee  [Eugloaaa 
(turata).  From  the  base  of  one  of  its  pseudo  bulbs,  a  long  flower  stem 
is  produced,  which  pushes  itself  straight  downwards.  Upon  this  it 
bADgsa  number  of  beautiliil  cups,  into  each  of  which  a  liquid  drips 
from  two  hornlike  processes  in  the  upper  part  of  the  flower.  Take  a 
china  teacup  with  a  spreading  mouth,  hang  some  little  flagti  over  the 
hiuidle,  and  stick  a  model  of  the  figurehead  of  a  Polynesian  canoe  oppo- 
Bite,  and  you  have  something  like  one  of  them,  as  it  opens  itself  in  the 
early  morning  from  a  bud  resembling  the  swathing  of  a  Chinese  lady's 
foot.  The  species  vary  in  color  and  markings,  being  generally  whitish 
or  yellow,  blotched  and  spotted  with  crimson.  Their  odor,  as  judged 
Ity  oar  standard,  is  not  pleasant,  but  nevertheless  it  is  very  attractive 
to  the  bees,  which  immediately  on  their  opening  swarm  round  in  great 
nomberH.    Flying  toward  the  flower,  as  a  moth  to  a  candle,  the  bee  faUs 
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iuU)  tbe  liquid  which  covers  tbe  bottom,  and  wetting  its  wings,  is  un- 
able to  use  thein.  Look  into  the  cup  and  you  will  see  a  doz«ti  b«e6 
BwimmiDgrouDdand  round,  or  vainly  trying  to  climb  the  slippery  aide^, 
and  if  it  is  the  second  day  after  opening,  one  or  two  may  be  seeu 
drowned.  It  was  never  tbe  intention  of  the  flower,  however,  that  their 
lives  should  be  sacrificed,  but  on  the  contrary,  that  they  should  escape, 
and  in  doing  so  perform  the  ofSce  for  which  the  whole  contrivance  Uw 
been  arranged.  Under  the  flags,  where  the  column  comes  near  bat 
does  not  actually  touch  the  cup,  is  a  narrow  opening,  through  which 
the  bee  can  push  its  way  out.  In  doing  this  it  has  to  use  sufficient  force 
to  widen  tbe  gap,  which  opeuslike  a  spring  door,  when  itcouies  in  con- 
tact with  the  polleu  case,  ruptures  it,  aud  carries  off  the  male  organ  on 
its  back.  Not  being  able  to  Hy,  there  in  nothing  to  be  done  bat  to 
crawl  over  the  flower  spike,  where,  heedless  of  its  former  trouble,  ii 
Boon  finds  itself  inside  another  flower.  In  making  its  way  out,  the  pol- 
len masses  are  rubbed  on  the  stigma,  and  the  ovary  fertilized,  after 
which  it  may  carry  out  tne  pollen  massesof  this  flower  in  turn  to  fertil- 
ize auother.     -     -     - 

Another  side  of  the  struggle  for  life  is  exemplified  on  the  sand  reeb. 
Extending  for  miles,  large  expanses  of  white  ridges  vary  the  inoDot- 
ouy  of  dense  forest  and  stream.  Here  and  there,  between  clumps  of 
low  bushes,  the  open  space  glares  with  reflected  light  and  heat,  vhile 
the  sand  itself  is  so  hot  that  the  barefooted  Indian  is  obliged  to  peel 
two  pieces  of  bark  to  protect  the  sotes  of  his  feet  against  it.  Without 
such  an  excessive  rainfall  as  that  of  Guiana,  these  reefs  would  be  quite 
barren,  but  under  tbe  circumstances,  tbe  hardier  shrubs  and  a  few 
trees  manage  to  exist-.  Wliere  forest  trees  have  succeeded  iu  obtaining 
a  footing  they  push  their  roots  far  down  below  the  surface,  where  the 
sand  is  moist  and  cool,  but  finding  little  food,  they  naturally  gniw 
much  slower  and  are  more  hardy  than  the  same  species  in  the  deuse 
forest.  For  this  reason  timber  from  such  places  is  always  highly  val- 
ued, OS  t)eing  free  from  sap.  Here  it  is  uo  longer  a  fight  with  encb 
other,  but  a  hard  struggle  for  bare  esisteuce.  Everything  is  arid  and 
dry,  the  shrubs  being  strong  and  sturdy,  though  small,  while  the  fe' 
herbaceous  plants  have  leaves  especially  fitted  to  their  surroundings., 
Try  to  dig  up  one  of  these  and  yon  may  scrape  away  for  many  feet 
before  you  get  l>eyond  the  tap  root  Here,  in  contrast  with  the  "  high 
wood,"  annuals  are  S4'eD  during  the  rainy  s^-ason.  Not  having  been: 
able  to  develop  any  other  special  provision,  they  flower  and  die,  leav- 
ing their  seeds  to  germinate  alter  the  drought  is  over.  Orchids  abound 
cverywhen>  niM>n  the  low  shrubs,  while  several  genera  have  succeeded  I 
in  «iH»ninuMliittng  thcmst'lves  to  the  sand  itself.  Here  is  a  Cyrtopo-\ 
rfiww  with  itniagnitieent  piuiiele  of  yellow  flowers,  but  whataflnepsru- 
do  bulb  is  this!  Thn*  to  four  feet  long,  and  thick  and  fleshy,  it  con- 1 
store  of  food  agiiiust  all  ixMitingeneies.    Unlike  itstr^tions  of 
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the  tree  tops,  itrevelB  iutheglare,  only  partially  Hcreeoiug  itself  beside 
the  boshes. 

There  is  a  certain  amoimt  of  uniformity  in  the  '*  bigb  woods,"  uot- 
irithstandin^  that  two  trees  of  the  same  species  are  hardly  ever  seen 
together.  Ttie  conditions  being  tbe  same,  and  there  being  no  room  for 
dereloping  many  siie<'ial  pecnliarities,  the  result  to  an  ordinary  trav- 
eller is  rather  monotonous.  The  sand  reefs,  on  tbe  contrary,  show  a 
fertility  of  invention.  Here,  some  kinds  of  plants  entirely  alter  their 
cbaracter  with  their  habitat.  A  fern  (Schiz(Ea),  instead  of  showing 
the  delicacy  of  form  and  texture  common  to  tbe  order,  has  changed 
itself  into  a  wiry  grass-like  creature,  without  beauty  or  comeliness. 
Lichens  and  mosses  take  advantage  of  tbe  slight  screen  of  tbe  clumps 
of  bushes,  and  grow  on  tbe  sand  as  well  as  on  the  branches.  Climbers 
ran  along  the  sand,  while  the  demon  clusias  flourisb  without  strangling 
their  neighbors.  Plants  whose  relatives  are  forest  giants  dwindle  here 
to  little  dwarf  shrubs  of  a  few  inches  high,  with  small  leaves  densely 
covered  with  hair  or  down  to  collect  the  dew  which  falls  so  pleuteously 
IQ  the  dry  seasons. 

Much  more  could  be  said  on  the  various  aspects  of  tliis  fiT<iat  struggle, 
fivery  species,  and  even  every  individual,  is  worthy  of  attention.  It 
would  almost  seem  as  if  thousands  of  s])ecies  would  fall  and  become 
extinct,  and  that  such  has  been  tlic  case  there  can  be  no  donbt.  Never- 
theless, there  are  so  many  provisions  against  this,  that  on  tbe  other 
hand,  we  see  that  such  a  thing  is  comparatively  rare.  Opposed  to  the 
thousand  chances  agaiitst  the  iiidividuiil,  nature  has  provided  a  thou- 
sand and  one  in  its  favor.  A  tree  with  a  multitude  of  flowers  will  pro- 
dace  one  or  two  seeds  to  each,  while  an  orchid,  with  only  a  few,  often 
nmnbers  its  seeds  by  tens  of  thousands.  Some  trees  have  fruits  which 
are  fooil  for  beasts,  birds,  and  fishes,  but  with  all  this  there  will  always 
be  a  few  left  to  produce  others  of  the  same  species. 
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SOME  DIFFICULTIES  IN  THE  LIFE  OF  AQUATIC  INSECTS." 


By  I'n.f.  L.  C.  Miall. 


We  uDilerstaiid  itmects  to  be  aQimals  of  snuiU  size,  furnished  wit)i  a 
brd  skin  and  six  legs,  breathing  by  brauvhed  air  tubes,  and  commonly 
pvided  in  the  adult  condition  with  wings.  The  animals  t)ius  organ- 
fcni  are  pre-eminently  a  dominant  group,  as  is  shown  by  the  vast  num- 
krof  the  species  and  individuals,  their  universal  distribution,  and  their 
nrions  habitat. 

The  msect  type,  like  some  fruitful  inventions  of  man — paper  or  lith- 
(paphy,  for  instance — has  proved  ho  successful  that  it  has  been  found 
^Stable  to  adapt  it  to  countless  distinct  purposes.  I  propose  to  con- 
dder  one  only  of  it«  inflnitely  varied  adaptations,  viz,  its  adaptation  to 
iqnatic  life. 

There  are  insects  which  mii  uiwq  the  earth,  insects  which  fly  in  the 
ir.and  insects  which  swim  iu  the  water.  The  same  might  be  said  of 
br«e  other  classes  of  animals,  the  three  highest,  viz,  mammals,  birds, 
nd  reptiles.  But  insects  surpass  all  other  classes  of  animals  in  the 
ndety  of  their  modes  of  existence.  Owing  to  their  small  size  and  hard 
kin  they  can  borrow  into  the  earth,  into  the  wood  of  trees,  or  into  the 
lodiea  of  other  animals.  There  are  some  insects  which  can  live  io  the 
later,  not  as  the  mammal,  bird,  or  reptile  does,  coming  up  from  time 
li  time  to  breathe,  but  constantly  immersed,  like  a  fish.  This  is  the 
•ore  remarkable  because  inswts  are,  as  a  thiss,  air-breatliers.  Air 
hbes  or  trachese,  branching  tubes,  whose  walls  are  stiffened  by  spiral 
htads,  supply  all  the  tissues  of  the  body  with  air.    That  such  an  ani- 

tl  Khonld  be  hatohetl  in  water  and  live  almost  the  whole  of  its  life 
,  mersed,  a  thing  which  actually  happens  to  many  insects,  is  a  matter 
fcrsnrprise,  and  implies  many  modifications  of  structure,  affecting  all 
^ts  of  the  body. 

The  adaptation  of  insects  to  aquatic  conditions  seems  to  have  been 
^gbt  about  at  different  times,  and  for  a  variety  of  distinct  purposes, 
■any  dipterous  larvae  burrow  in  the  earth.  Some  of  these  frequent 
B>e  damp  earth  in  the  neighborhood  of  streams.  Others  are  found  in 
Btftb  so  soaked  witti  water  that  it  might  almost  be  i-alIod  mud,  though 

'ETeniui;  diacoiime,   delivered  liefore  the  ItritUli    AHHocialinii,  Cunlitl',   "^VctO^^  [c 
[Ftom  Mature,  September  10,  1891:  vul.  xuv,  pp.  157^61.)  <^ 
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they  breathe  by  occasionally  taking  in  atmoflpheric  air.  loyetmore 
specialized  members  of  the  same  order  we  find  that  the  lar\'a  inhabits 
the  mad  at  the  bottom  of  the  sti-eam,  and  depends  for  its  respiration 
entirely  npon  oxygen  (li8»olved  in  the  water.  The  motive  is  ufioally 
that  the  larva  may  get  access  to  the  decaying  vegetable  matter  fonnd 
in  slow  streams,  but  some  of  these  larvffi  have  camiverons  propensi- 
ties. 

Other  insects  merely  dive  into  the  water,  coming  np  from  time  to 
time  to  breathe,  or  skate  upon  the  surface. 

Nearly  every  order  of  insects  contains  aqnatic  forms,  and  the  total 
number  of  such  forms  is  very  l»rge.  I  believe  that  all  are  modifications 
of  terrestrial  types,  and  it  is  probable  that  members  of  different  fami- 
lies have  often  betaken  themselves  to  the  water  independently  of  one 
another. 

The  ditBculties  which  aqnatic  insects  have  to  encounter  begin  nith 
the  egg.  It  is  in  most  cases  convenient  that  the  egg  should  be  laid  in 
water,  though  this  is  not  indispensable,  and  the  winged,  air-breathing 
fly  is  as  a  rule  ill  fitted  for  entering  water.  Some  insect  eggs  hat<;h  if 
they  are  merely  scattered,  like  grains  of  sand,  over  the  bottom  of  a 
stream,  but  others  must  be  laid  at  the  surface  of  the  water,  where  thef 
can  gain  a  sufQcient  supply  of  oxygen.  If  the  water  is  stagnant  it  vill; 
suflice  if  the  eggs  are  buoyant,  like  those  which  compose  the  egg  rait ! 
of  the  gnat,  but  this  plan  would  hardly  answer  in  running  streani^ 
which  would  carry  tight,  floating  eggs  to  great  distances,  or  even  avttf 
them  out  to  sea.  Moreover,  floating  eggs  are  exposed  to  the  attacks 
of  hungry  creatures  of  various  kinds,  such  as  birds  or  predatory  inseit 
larva-.  These  difficulties  have  been  met  in  the  cases  of  a  nnmbetof 
insects  by  laying  the  eggs  in  chains  or  strings,  and  mooring  theiu  it 
the  surface  of  the  water.  The  eggs  are  invested  by  a  gelatinous  envel- 
ope, which  swells  out  the  moment  it  reaches  the  water  into  an  abun- 
dant, transparent  mucilage.  This  mucilage  answers  more  than  one 
purpose.  lit  the  first  place  it  makes  the  eggs  so  slippery  that  birds  or 
insects  can  not  grtisp  them.  It  also  spaces  the  eggs,  and  enablet*  ea<;li 
to  get  its  fair  share  of  air  and  sunlight.  The  gelatinous  substance 
appears  to  [wssess  some  antiseptic  property,  which  prevents  water 
moles  from  attacking  the  eggs;  for,  long  after  the  eggs  have  hntcbed 
out,  the  transparent  envelope  remains  nuchauged.  The  eggs  of  tbe 
frog,  which  are  laid  in  the  stagnant  water  of  ditches  or  ponds,  float  free 
at  the  surface,  and  do  not  require  to  be  moored.  The  eggs  of  many 
snails  are  laid  in  the  form  of  an  adhesive  band,  which  holds  firmly '" 
the  stem  or  leaf  of  an  aquatic  plant  Some  insects,  too,  lay  their  efg^i 
in  the  form  of  an  adhesive  band.  In  other  o-ases  the  egg  chain  is  moored 
to  the  bank  by  a  slender  cord. 

The  common  two-winged  fly,  Chironomus,  lays  its  eggs  in  tranfr 
parent  cylindrical  ropes,  which  tloat  on  the  surface  of  the  wster. 
During  the    summer  montbs   these  egg  roiws,  which  are  nearly  w 
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mb  in  length,  may  readily  be  fonnd  on  the  edges  of  a  stone  fountain 
I  in  a  garden,  or  In  a  water  trough  by  the  side  of  the  road.  The 
i  eggi  are  arranged  npou  the  outside  of  the  rope  in  loops,  which  bend  to 
right  and  left  alternately,  forming  sinuous  lines  upon  the  surface. 
Each  egg  rope  is  moored  to  the  bank  by  a  thread,  which  passes  through 
tbe  middle  of  the  rope  in  a  series  of  loops,  and  then  returns  in  as  many 
reversed  and  overlapping  loopK,  so  as  to  give  the  appearance  of  a  lock 
8til<:b.  Tbe  thread  is  so  tough  that  it  can  be  drawn  out  straight  with 
a  needle  without  breaking.  If  the  egg  rope  is  dipped  into  boiling 
water  the  threads  become  apparent,  but  in  the  natural  state  they  are 
invisible,  owing  to  their  transparency.  Tht;  mucilage  is  held  together 
by  the  threads  inter-woven  witli  tbe  mucilage.  The  loops  can  be 
straightened  without  injury  until  the  length  of  the  rope  is  almost 
diinbled,  If  stretched  beyond  this  point  the  threads  become  strained 
and  do  not  recover  their  original  8hii|»e  when  released.  By  means  of 
these  threads,  firmly  inter-woven  with  the  mucilagoof  the  egg  rope,  the 
'bole  mass  of  many  hundreds  of  eggs  is  firmly  moored,  yet  so  moored 
tfaat  it  floats  without  strain,  and  rises  or  falls  with  the  stream.  The 
eege  get  all  tbe  sun  and  air  which  they  require,  and  neither  predatory 
mnects,  nor  birds,  nor  water  molds,  nor  rushing  currents  of  water, 
can  injure  them. 

The  eggs  of  the  caddis-fiy  are  laid  in  larger  ropes,  which,  in  some 
'pwies,  are  very  beaatifiil  objects,  owing  to  the  grass-green  color  of 
tbe  eggs.  The  egg  raft  of  the  gnat,  which  has  often  been  described, 
[» Tell  suited  to  flotation  in  stagnant  water,  and  is  freely  exposed  to 
(be  air,  a  point  of  unusual  importance  in  the  case  of  an  insect  which  in 
bII  stages  of  growth  seems  to  need  the  most  efficient  means  of  respira- 
tion, and  whose  eggs  are  usually  laid  in  water  of  very  doubtful  purity. 
The  lower  or  submerged  end  of  each  egg  opens  by  a  lid,  and  through 
thia  opening  the  larva  at  lengtli  escaiics. 

The  eggs  of  water-hannting  insects  are  in  many  ways  particuhirly 
well  suited  for  the  study  of  development.  The  eggs  of  Ghironomus, 
for  instance,  can  always  be  procured  during  the  summer  months.  They 
are  so  transparent  as  to  admit  of  esaminatiou  under  high  powers  of 
tbe  microscope  as  living  objects,  and  as  tliey  require  no  sort  of  prep- 
aration, they  may  be  replaced  in  the  water  after  each  examination  to 
coiitiDue  their  development.  This  saves  all  trouble  in  determining 
tbe  succession  of  tlie  different  stages,  a  point  which  usually  presents 
•Itfficnlties  to  the  embryologist.  The  whole  development  of  tbe  egg  of 
(liironomns  is  completed  in  a  few  days  (three  to  six,  according  to  tem- 
iwratnre),  and  it  is  therefore  an  easy  matter  to  follow  tbe  process 
throughout  with  the  help  of  three  or  four  chains  of  eggs. 

When  the  larvre  are  hatclie<l  and  escape  into  tbe  water,  new  diffictd- 
ti^  arise.  Some  have  to  seek  their  fo<id  at  the  surface  of  the  water, 
and  must  yet  be  always  immersed,  others  live  up<m  food  which  is  only 
to  be  found  in  rapid  streams,  and  these  run  serious  risk  of  beiug  swep^  [c 
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away  by  the  rush  of  water.  All  need  at  least  a  moderate  supply  of 
oxygen,  wliicb  has  either  to  he  drawn  Iroin  the  air  at  the  Karface,  or 
extracted  from  the  water  by  special  organs.  Tlio  dilficalty  of  breathittg 
is  of  course  greatly  increased  wheo  the  larva  seeks  its  food  at  the 
bottom  of  foui  streams,  as  is  the  case  with  certain  Diptera.  The  larra 
of  Chironomus,  for  example,  feeds  upon  vegetable  matter,  often  in  a 
state  of  decay,  which  is  obtained  &om  the  mud  at  the  bottom  of  sIot 
streams,  and  in  this  mud  the  larva  makes  burrows  for  itself,  cementing 
together  all  sorts  of  materials  by  the  secretion  of  its  salivary  glands 
drawn  out  into  fine  silkea  threads.  The  burrows  in  which  the  larva 
lives  furnish  an  important  defense  against  fishes  and  other  enemiea, 
but  they  still  further  increase  the  difficulty  of  procuring  a  supply  of 
uir.  Hence,  the  larva  ftequentJy  quits  its  burrow,  esjiecially  by  night, 
and  swims  towards  the  surface.  At  these  times  it  looi>s  its  body  to  and 
fro  with  a  kind  of  lashing  movement,  and  is  thus  enabled  to  advance 
and  rise  in  the  water.  From  the  well-aerated  water  at  the  surface  of 
the  stream  it  i)rocures  a  free  supply  of  oxygeu,  which  becomes  dis- 
solved in  the  abundant  blood  of  the  larva.  Foot  delicate  tubes  filled 
with  blood,  which  are  carried  upon  the  last  segment  of  the  body,  are 
believed  to  be  especially  intended  for  the  taking  up  of  dissolved  oxy- 
gen. The  tracheal  system  is  rudimentary  and  completely  closed,  and 
hence  gaseous  air  can  not  be  taken  into  the  body.  The  dissolved  oxy- 
gen, procured  with  much  exertion  and  some  risk,  must  be  stored  up 
within  the  body  of  the  larva,  and  used  with  the  greatest  economy.  It 
is  apparently  for  this  reason  that  the  larva  of  Chironomus  contains  a 
blood  red  pigment,  which  is  identical  with  the  biemoglobin  of  verte- 
brate animals.  The  haemoglobin  acts  in  the  Chironomus  larva,  as  it 
does  in  our  own  bodies,  as  oxygen-carrier,  readily  taking  up  dis- 
solved oxygen,  and  parting  with  it  gradually  to  the  tissues  of  the  body. 
It  is  instructive  to  notice  that  only  such  Chironomus  larvie  as  live 
at  the  bottom  and  burrow  in  the  mud  possess  the  red  kiemoglobiiL 
Those  which  live  at  or  near  the  snrlace  have  colorless  blood,  and  ii 
more  I'omplett' — though  still  closed — tracheal  system.  The  larvaof  the 
carnivorous  Tanyjius,  which  is  found  in  the  same  streams,  but  doea 
not  buriow,  lias  a  much  more  complete  tracheal  system,  and  only 
enough  hn<moglobin  to  give  a  pale  red  tint  to  the  body.  The  larva  of 
the  gnat,  again,  which  has  a  Inrge  and  open  tracheal  system,  and  in  all 
stDgcs  of  growth  inhales  gaseous  air,  has  nii  haemoglobin  at  all.  A  list 
of  the  many  animals  of  all  kindiii  which  coiitiin  haemoglobin  shows  that 
for  s<mio  rciison  or  aiuitlier  eiu-h  of  them  requiretii  to  use  oxygen  econom- 
ically. Either  the  skin  ia  thick,  and  the  respiratory  surfiwie  limited,  or 
they  are  fnclosi-d  in  a  shell  or  they  bnrrowin  earth  or  mud.  We  might 
expect  to  find  that  hii''niogh>biu  would  always bcdevelopedinthehlood 
lis  whoso  n'spinitiim  ia  rendered  difficult  in  any  of  these  ways, 
nch  cxp(H!tjtliiu)  would  prove  to  be  unfoundetl.  and  thei-e  are 
nala  whos<*  mode  of  life  renders  it  necessary  that  oiygtiii 
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shonld  be  stored  and  economically  uned,  which  coDbiiii  no  hteino^Iobiii 
in  their  blood.  Heiice,  while  we  have  a  tolerably  satisi^ictory  reason 
for  the  occnrrence  of  h;(>tiiogIobiii  in  a  number  of  animals  wliose  respi- 
nttoiy  snrface  w  limited,  and  whose  Hiirro'.indiiig8  make  it  a  matter  of 
ilifficiilty  to  procure  a  sufficieot  siipjily  of  oxygen,  we  have  to  admit 
that  many  similar  uniinals  under  the  same  conditions  manage  perfectly 
well  without  hsenioglobiii.  Such  atlmission  in  not  a  logical  refutation 
of  the  explanation.  I  might  fairly  put  forward  the  baldness  of  man- 
feind  as  at  least  the  priiiei])al  reason  for  wenring  wigs,  and  this  expla- 
nation would  not  be  impaired  by  any  number  of  eases  of  bald  men  who 
do  not  wear  wigs.  The  fact  is  that  the  respiratory  needs  (even  of 
closely  allied  animals)  vary  greatly,  and  further,  there  are  more  waya 
than  one  of  acquiring  and  storing  up  oxygen  in  their  bodies. 

Either  tbe  storage  capacity  for  oxygen  of  the  Ohironomus  larva  is 
considerable,  or  it  mn^t  be  nsed  very  carefully,  for  the  animal  can  sub- 
sist long  without  a  fresh  supply.  I  took  a  flask  of  distilled  water, 
txuled  it  for  three-quarters  of  an  hour,  closed  it  tight  with  an  India- 
nibber  bung,  and  left  it  to  cool.  Then  six  larv»^  were  introduced,  the 
small  space  above  tbe  water  being  at  the  same  time  filled  up  with  car- 
bonic acid.  Tbe  bung  was  replace«l  and  the  larvie  was  watched  from 
ilay  to  day.  Four  of  the  larvie  survived  tor  forty-eigbt  hours,  and  one 
till  the  filth  day.  Two  of  ttiem  changed  to  pupie.  Nevertheless,  the 
vatcr  was  from  the  first  exhausted  of  oxygen,  or  nearly  so. 

The  Gbironomus  larva  is  provided  with  implenients  suited  to  its  mode 
of  life.  The  head,  which  is  extremely  small  and  hard,  carries  a  pair  of 
stout  Jaws,  besides  amost  complicated  array  of  hooks,  some  fixed,  some 
movable.  The  use  of  these  minute  api>endages  can  not  always  be 
assigned,  but  some  of  them  are  apparently  employed  to  guide  the  silky 
threads  which  issue  from  tbe  salivary  glands.  The  first  segment  behind 
the  head  carries  a  pair  of  stumpy  legs,  which  are  set  with  many  hooks. 
These  are  mainly  used  in  progression,  and  help  the  larva  to  hitch  itself 
trt  and  fro  in  its  burrow.  A  similar,  but  longer  pair  of  hooked  feet,  is 
found  at  the  end  of  the  body.  This  hinder  pair  serves  to  attach  the 
animal  to  its  buiruw  when  it  stretches  forth  in  search  of  food. 

Creeping  aquatic  larvie,  such  as  Ephydra,  possess  several  pairs  of 
legs  in  f-ontof  the  last  p^r,butthe  burrowing  species,  such  as  caddis- 
vorms,  agree  with  Ghironomus,  not  only  in  their  mode  of  life,  but  also 
iu  the  reduction  of  the  abdominal  legs  to  a  single  pair,  which  are  cou- 
spicaoDsly  hooked. 

The  larval  head  in  this,  as  in  many  other  aipiatic  insects,  is  far 
smaller  and  simpler  than  that  of  the  fly.  The  larval  head  is  little  more 
than  an  implement  for  biting  and  spinning,  by  no  means  such  a  seat 
of  intelligence  as  it  is  in  higher  animals.  In  Ohironomus  it  contains  no 
brain;  the  eyes  are  mere  specks  of  pigment,  and  the  antennse  are 
■Dstgnificant.  But  the  bead  of  the  fly  incloses  the  brain,  and  bears, c 
elaborate  organs  of  special  sense— maoy-facetted  eyes,  and  iu  the  male 
H.  Mis.  334,  pt.  1 23 
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beautiful  pluioeil  aiitenuie.  This  difference  in  size  and  complexity 
probably  explains  the  fact  that  the  head  of  the  fly  is  not  developed 
within  the  larval  head,  but  in  the  thorax.  It  is  only  at  the  time  of 
pupation  that  it  becomes  everted,  and  its  ap[)endages  assume  the  posi- 
tion which  tliey  are  ultimately  intended  to  occupy. 

At  length  the  Chironomns  wiggles  out  of  the  larval  skin,  and  is 
transformed  into  a  pupa.  It  iid  longer  requires  to  feed,  and  the  montti 
is  completely  closed.  It  is  equally  iinable  to  burrow,  and  usually  lies 
on  the  surface  of  the  mud.  Two  tufts  of  silvery  respiratoiy  filaments 
project  from  the  fore  end  of  the  body  Just  behind  the  ftiture  head,  and 
these  wave  to  and  fro  in  the  water,  a»  the  animal  alternately  flexes  and 
extends  its  body.  At  the  tail  end  are  two  flaps,  fnuged  with  slont 
bristles,  which  form  a  kind  of  fan.  The  pupa  virtually  consists  of  the 
body  of  the  tly,  inclosed  within  a  transparent  skin.  Tlie  organs  of  the 
fly  are  already  complete  externally,  and  even  in  microscopic  detail  they 
Tery  closely  resemble  those  of  the  iwrfect  animal.  These  parts  ar* 
however  as  yet  very  imperfectly  displayed.  The  wings  and  legs  are 
folded  up  along  the  sides  of  the  body,  and  are  iucai>able  of  independent 
moveuieut.  For  two  or  three  days  there  is  no  outward  change,  except 
that  the  pupa,  which  originally  had  the  blood-red  color  of  the  larva, 
gradually  assumes  a  darker  tiut.  The  tracheal  system,  which  was 
qait«  rudinientary  iu  the  larva,  but  is  now  greatly  enlarged,  becomes 
filled  with  air,  secreted  from  the  water  by  the  help  of  the  respiratory 
tufts,  and  the  pupa  floats  at  the  surface.  At  last  the  skin  of  the  back 
splits,  the  fly  extricates  its  limbs  and  other  appendages,  pauses  for  a 
moment  upon  the  floating  pupa  case,  as  if  to  dry  its  wings,  and  then 
flies  away. 

This  fly  is  a  common  object  on  our  window-panes,  and  would  be  calW 
a  gnat  by  most  )ieople.  It  can  be  easily  distinguished  from  a  true  gnat 
by  its  habit  of  raining  the  forelegs  from  the  ground  when  at  rest.  It 
is  entirely  harmless,  and  the  mouth  parts  can  neither  pierce  nor  suck. 
Like  many  other  Diptera,  the  flies  of  Chironomns  associate  in  swarms, 
which  are  believed  in  this  case  to  con.sist  entirely  of  males.  The  male 
fly  has  plumed  antenuic,  with  dilated  basal  joints.  In  the  female  fly  the 
anteunie  are  smaller  and  simpler,  as  well  as  more  widely  separated. 

In  brisk  and  lively  streams  another  DipterouH  larva  may  often  be 

found  in  great  numbers.    This  is  the  larva  of  Sinmlitun,  known  in  the 

winged  state  as  the  sand  fly.    The  Simulium  larva  is  much  smaller  thiUi 

that  of  Chlronomua,  and  its  blood  is  not  tinged  with  red.    The  head  is 

provided  with  a  pair  of  ciliary  organs,  fan-like  in  shape,  consistiug  of 

many  longish  filaments,  and  borne  upon  a  sort  of  stem.    The  fiiniRd 

filaments  are  used  to  sweep  the  food  into  the  mouth.     The  larva  of 

Simtiliom  subsists  entirely  upon   microscopic    plants   and    animals. 

these  are  great  numbers  of  diatoms,  and  the  stomach  is  usuallf 

If  full  of  the  flinty  valves  of  these  microscopic  plants.    The 

I  Jarva  speks  its  fQo4  ip  rapid  correuts  of  water,  fwd  a  brisk 
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flow  of  well-aerated  water  has  apparently  become  a  neceflsity  to  it.  If 
tbe  larvit^  are  taken  out  of  a  stream  and  placed  in  a  vessel  of  clear  water, 
tbry  soon  become  slngRisli,  and  in  warm  weatber  do  not  Borvive  very 
long.  It  matters  little  however  to  the  larvte  wLether  the  water  in 
vhicb  tbey  live  is  pare  or  impure,  and  streams  which  are  contaminated 
with  sewage  often  contain  them  in  great  abundance.  There  are  no 
externally  visible  orgaiiH  of  respiration,  but  the  skin  is  supplied  by  an 
nbuiidaut  network  of  fine  tracheal  branches,  which,  no  doubt,  take  op 
oxygen  from  the  well-ari'ated  water  in  wbicli  the  animal  lives.  From 
this  network  at  the  surface  brandies  paas  to  supply  all  the  internal 
organs.  The  Bimnliiim  hirva  is  found  npon  aquatic  weeds,  and  the 
pair  of  hiudfeet,  which  in  Chironomus  were  shaped  so  as  to  euable  the 
larva  to  hold  on  to  its  burrow,  here  become  altered,  so  as  to  fiiriiish  a 
new  means  of  attachment.  The  two  feet  are  completely  united  Into 
oiip.  The  two  clusters  of  hooks  found  in  the  Chironomus  larva  form 
uow  a  circular  coronet,  and  the  center  of  the  inclosed  space  becomes 
capable  of  being  retracted  by  means  of  muscles  which  are  inserted  into 
it  from  within.  The  larva  is  thus  enabled  to  adhere  to  the  smooth  sur- 
face of  a  leaf,  holding  ou  by  its  sucker,  which  is,  do  doubt,  aided  by  the 
rircle  of  sharp  hooks.  Efficient  as  this  adhesive  organ  undoubtedly 
iH,  it  must  be  liable  to  derangement  by  occasional  accidents,  as  for 
instance  if  there  should  be  a  sudden  rush  of  water  of  unusnal  violence, 
nr  if  the  larva  should  be  obliged  to  quit  its  hold  in  order  to  avoid  some 
dangerous  enemy.  In  the  case  of  such  an  accident  it  is  not  easy  to  see 
how  it  will  ever  recover  its  footing.  Swept  along  in  a  rapid  current, 
we  might  supiH>.>e  that  there  would  be  but  a  slender  probability  of  its 
ever  ttnding  itself  favorably  placed  for  the  application  of  its  sucker 
aud  hooks.  But  such  emergencies  have  been  carefully  provided  for. 
The  salivary  glands,  or  silk  organs,  which  the  Chironomus  larva  uses 
in  weaving  the  wall  of  its  burrow,  furnish  to  the  Simulium  larva  long 
mooring  threads,  by  means  of  which  it  is  anchored  to  the  leaf  upon 
vkich  it  lives.  Even  if  the  larva  is  dislodged,  it  is  not  swept  far  by 
the  stream,  and  can  haul  itself  in  along  the  mooring  thread  in  the  same 
way  that  a  spider  or  a  Geometer  larva  chmbs  up  the  threiul  by  which, 
when  alarmed,  it  descended  to  the  ground. 

When  the  time  for  pupation  comes  special  provision  has  to  be  made 
for  the  peculiar  circumstances  in  which  the  whole  of  the  aquatic  Ufe  of 
the  Simulium  is  passed.  An  inactive  and  exposed  pupa,  like  that  of 
Chironomus,  may  fare  well  enough  on  the  soft  muddy  bottom  of  a  slow 
Htream,  but  such  a  pupa  would  be  swept  away  in  a  moment  by  the  cuit 
rents  in  which  Simulium  is  most  at  home.  When  the  time  of  pupatioq 
Arsiwe  near  the  insect  constructs  for  itself  a  kind  of  nest,  not  unlike  in 
shape  the  nest  of  some  swallows.  This  nest  is  glued  fast  to  the  surfiwe 
of  a  water-weed.  The  salivary  glands,  whiob  furnished  the  mooring 
threads,  sapply  the  material  of  which  the  nest  is  composed.  Sheltered 
TiUtiu  this  Buootb  nncl  tapering  ca,B^,  vbos0  pointed  tip  ia  direot«4  ii|i- 
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stream,  while  the  open  mouth  is  tui-ned  down  stream,  the  pups  rests 
aecurely  during  the  time  of  its  trausformatioD. 

When  the  pupa  case  is  first  formed  it  is  completely  closed  and  e^rg- 
shaped,  bat  when  the  insect  has  cast  the  larval  skin  one  end  of  tli« 
case  is  knocked  off,  and  the  pupa  now  thrusts  the  fore  part  of  its  body 
into  the  current  of  water.  The  respiratory  filaments,  which  project 
immediately  behind  the  future  head,  just  as  in  Chironomos,  draw  a  suf- 
ficient supply  of  air  from  the  eontiunally  chanfired  water  around.  The 
rings  of  the  abdomen  are  furnished  with  a  number  of  projecting  hooks, 
whicli  are  able  to  grasp  such  objects  as  fine  threads.  The  interior  of 
the  cocoou  is  felted  by  a  number  of  silken  threads,  and  by  means  of 
these  the  pupa  gets  an  additional  grip  of  its  case.  If  it  is  forcibly  Ais 
lodged  a  nnmber  of  the  silken  threads  are  drawn  ont  from  the  felled 
lining  of  the  case.  The  fiy  emerges  into  the  running  water,  and  I  ili> 
Dot  know  how  it  manages  to  do  so  without  being  entangled  in  the  car- 
rent  of  water  and  swettt  down  stream.  The  pupa  skin  splits  open  just 
as  it  does  in  Chironomns,  but  remaiu.s  attached  to  the  cocoon. 

The  larva  of  the  gnat  is  perhaps  more  familiar  to  naturalists  of  all 
kinds  than  any  other  aquatic  dipterous  insect.  The  iuterestiD): 
description,  and  above  all  the  admirable  engravings  of  Swammerdam. 
now  more  than  two  hundred  years  old,  are  Ikmiliar  to  every  student  of 
nature. 

The  larva,  when  at  rest,  floats  at  the  surface  of  stagnant  water.    It^ 
head,  whivh  is  provided  with  ^-ibratile  organs  suitable  for  sweeping 
minute  particles   into  the  month,  is  directed  downwards,  and  wlien 
examined  by  a  lens  in  a  good  light  appears  to  be  bordererl  below  by  » 
gleaming  baud.    There  are  no  thoracic  limbs.    The  hind  limbs,  wliieli 
were  long  and  hooked  in  the  burrowing  Chironomns  larva,  and  reduced 
to  a  hook-bearing  sucker  in  Simulinm,  now  disapi>ear  altogether.    A 
new  and  peculiar  organ  is  developed   ftom  the  eighth  segment  of  the 
abdomen.     This  is  a  cylindrical  respiratory  siphon,  traversed  by  two 
large  ail-  tubes  which  are  continued  along  the  entire  length  uf  the  body 
--"■■-   ■ '■-        "    part  with  air.    The  larva  ordinarily  rests  in  snch  a 
tip  of  the  respiratory  siphon  is  flush  with  the  surface 
thus  suspended,  it  feeds  ince.ssantly,  breathing  unin- 
B  same  time.    When  disturbed  it  leaves  the  surface 
tion  of  its  bruad  tail.    Once  below  the  surface  it  siuks 
:tom  by  gravity   alone,  which  shows  that  the  body 
lie  water.     We  have  therefore  to  explain  how  it  i* 
t  the  surface  when  at  rest.    The  larva  does  not  will- 
w  for  any  length  of  time.     It  rises  by  a  jerking  move- 
mi  blows  with  its  tail,  and  advancing  tail  foremost 
the  top   it  hangs  as  before,  head  downwards,  ami 
ig  oi>erations, 

taiu  how  the  larva  hangs  from  the  snrfoce  agaiust 
trouble  you  with  some  acconnt  of  the  properties 
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of  the  surface  film  of  water.  You  will  readily  believe  that  I  bave 
nothing  new  to  conunuDicate  on  this  subject,  and  I  venture  to  show 
j-ou  a  few  very  simple  experiments,  merely  because  they  are  esseutial 
to  the  comprehenaiou  of  what  take»  place  in  the  gnat.* 

Ill  imy  veuael  of  pure  water,  the  particles  at  the  surface,  though  not 
differing  ia  composition  from  those  beneath,  are  nevertheless  in  a 
peculiar  state.  I  will  not  travel  so  far  from  the  region  of  nataral  his- 
tory as  to  offer  any  theoretical  explanation  of  this  state,  but  will 
merely  show  you  experimentally  that  there  is  a  surface  film  which  re- 
gists  the  passage  of  a  solid  body  from  beneath.  (Mensbrugghe's  float 
shown.]  You  see  (L)  that  the  float  is  sufflciently  buoyant  to  rise  well 
out  of  the  water;  (2)  that,  wheu  forcibly  submerged,  it  rises  with  ease 
throQgb  the  water  as  far  as  the  surface  film;  (3)  that  it  is  detained  by 
the  surface  film,  and  cau  not  penetrate  it.  The  wire  pulls  at  the  sur- 
Ikce  film  and  distorts  it,  but  is  nnable  to  free  itself.  In  the  same  way 
the  surface  film  resists  the  passage  of  a  solid  body  which  attempts  to 
penetrate  it  fro?n  above.  This  will  be  readily  seen  if  we  throw  a  loop 
of  aluminium  wire  aix>D  the  surface  of  water.  [Experiment  shown.j 
The  loop  of  wire  floats  about  hke  a  stick  of  wowl.  Aluminium  is,  of 
course,  much  lighter  than  iron,  but  the  floating  of  this  little  bar  does 
not  mean  thut  it  has  a  lower  density  tlian  that  of  water.  If  the  bar  is 
OBPe  wetted,  it  sinks  to  the  bottom  and  remains  there.  Even  a  needle 
may,  with  a  little  care,  be  made  to  float  upon  the  surface  of  perfectly 
pnre  water.  Still  more  readily  can  a  piece  of  metallic  gauze  be  made 
to  float  on  water.  [Experiment  shown.]  Air  can  pass  through  the 
meshes  with  perfect  ease;  water  also  can  pass  through  the  meshes  with 
no  visible  obstruction.  But  the  surface  fihn,  bounding  the  air  and 
water,  it*  entirely  unable  to  traverse  even  meshes  of  appreciable  size. 
These  simple  experimental  results  will  enable  us  to  appreciate  certain 
facts  of  structure,  which  would  otherwise  be  hard  to  understand,  and 
which  have  been  wrongly  explained  by  naturalists  of  the  greatest  emi- 
nence, to  whom  the  physical  discoveries  of  this  century  were  unknown. 

We  may  now  try  to  answer  three  questions  about  the  larva  of  the 
fsnat,  viz: 

(1)  How  is  it  able  to  break  the  surface  film  when  it  swims  upwardst 

(2)  How  is  it  able  to  remain  at  the  surface  without  muscular  effort, 
though  denser  than  water! 

(3)  How  is  it  able  to  leave  the  surface  quickly  and  easily  when 
alarmed  f 

The  tip  of  the  respiratory  siphon  is  provided  with  three  flaps,  two 
Urge  and  similar  to  one  another,  the  third  smaller  and  differently 
Rhaped.  These  flaps  can  be  opened  or  closed  by  attached  muscles. 
When  open  they  form  a  minute  basin,  which,  though  not  completely 
closed,  does  not  allow  the  surface  film  of  water  to  enter.    When  closed 

'Annmberof  othrr  experimeiitn,  illOHtr.'ktLiig  the  properties  of  the  aiirfnce  film  of 
*Bter,  are  desctilxMl  by  Prof  Boys  in  bis  deliKlitfiil  book  on  "  .Soap  Bubble."         | 
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the  air  vithin  the  siphon  is  iiuable  to  escape.     At  tlie  time  when  the 

larva  riseH  to  tlie  surface  the  poiuted  tipa  of  tlie  Haps  first  meet  the 

Hiirfiuie  fthn  and  adhere  to  it.    The  attached  muscles  then  separate  the 

t)ai>H,  and  in  a  moment  the  basin  is  expanded  and  filled  with  »ir.    The 

;  at  the  edges  of  the  basiu,  and  the  pull   is 

iDterbalauce  the  greater  density  of  the  body 

in^^ly  hitngs  from  tlie  surface  tritliout  effurt. 

ed  and  wislias  to  desiteiid  the  valves  close, 

i  )>oint,  and  the  resisting  pull  of  the  surfoce 

iportant  amount.     [Living  iarvse  shown   by 

necessary  in  explaining  the  tlotattou  of  the 
ise  that  the  extremity  of  its  siphon  was  nup- 
on  which  repelled  the  water.     No  oil  glaud 
r  elsewhere  iu  the  body  of  the  lanra,  and, 
essary.    The  peculiar  properties  of  the  siir- 
pbenomeuik.    The  surface  film  is  unable  to 
•etween  the  Haps  for  precisely  the  same  rea- 
ls through  the  meshes  in  a  piece  of  gauze, 
ts  the  larva  is  ready  fur  pupation.     By  this 
ire  fly  are  almost  completely  formed,  and  the 
lape,  very  unlike  that  of  the  larva, 
t'nt  roniide<l  mass,  which  incloses  the  wiD^s 
4  the  com[Hmnd  eyes,  the  mouth  parts,  and 
\l  tht'taileiidisu  jKurofttaps,  which  form  an 
lie  iHMly  of  the  pupa.  like  that  of  the  larva,      i 
h  air  tubes,  and  a  communication  with  the     ' 
it,  though  iu  an  entirely  different  way.    The 
lowanl  the  tail  as  iu  the  larva,  but  towaril 
p  liKwl  i>f  Ihe  future  fly  is  a  pair  of  tmm[>et3, 
I  of  Tt^:ii  tht*  margins  of  the  trumpets  come 
lie  water.     Floating  in  this  ]M>sition  the  pupa 
s  undisturhtM.  but  if  attacked  by  any  of  the 
timnd  iu  in^h  waters  it  is  able  to  descend  b; 
tvvnients  of  its  tail  do. 
riilM>ut  its  dithcaliie^    The  pupa  is  not  like 
er,  but  bno>-ant.    There  are  two  respiratofy 
ii  then^  is  only  iMie  in  Ibe  larra,  and  to  these 
ciui^  will)  a  tenacity  «if  whirh  only  experi- 
iiliia.     W::i  TiMi  alt^tw  Be  Co  |nv«  yoa  a  little 

««(\sVn>  o:  tv;-^  vv^«d  by  water,  and  plm* 
.)  '•-.~;  *>'.herp  to  the  solid.  If  the  solid  k 
I  »."  Sajw  «;ii.  ',x*n  «t  it^:»r&cv  ootof  Ite 
i»!.i,ta<vs  ;;»>  *.-.;r:*of  £;»  will  be  drawn  n\t- 
*A  «::  :>KYV4~.^^ie  {u:^l  the  solid  dnwnwanb. 
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But  if  the  solid  is  denser  than  the  water,  the  eurface  lihn  aroand  the 
solid  will  be  pulled  downwards,  and  will  pall  the  solid  upwards.  Sup- 
pose that  a  solid  of  the  same  density  as  water  floats  with  part  of  its 
surface  in  contact  with  air,  and  that  weights  are  gradually  added  to  it. 
The  result  will  he  that  the  surface  of  the  water  around  the  upper  edge 
of  the  solid  will  become  more  and  more  depressed.  The  sides  of  the 
depression  will  take  a  more  vertical  position,  until  at  last  the  upward 
pull  of  the  film  becomes  unable  to  witbstaud  further  increase  of  weight 
Ifthispointia  passed,  the  solid  will  sink.  Before  this  point  is  attained,, 
we  shall  have  the  solid,  though  denser  than  water,  kept  at  the  surface 
by  the  pall  of  the  surface  film. 

This  state  of  things  maybe  illustrated  byamodel.  [Float  with  glass 
tabe  attached  to  its  upper  surfacb.{  You  will  readily  see  that  the  float 
has  to  be  weighted  appreciably  in  order  to  break  the  connection  of  the 
tube  with  the  surfkce  film.  Now  the  pupa  of  the  gnat  has  a  pair  of  tubes 
which  are  in  like  manner  attached  to  the  surface  of  the  water.  When  it 
requires  to  descend,  the  pull  of  the  surface  film  would  undoubtedly  be 
considerable.  Adding  weight  to  the  body  is,  of  course,  impossible,  and  a 
great  exertion  of  muscular  force  would  be  wasteful  of  energy,  even  if  it 
could  be  put  forth.  The  gnat  deals  with  its  difiBculty  in  a  neater  way 
tban  this,  and  saves  its  muscular  powerforotheroccasions.  Letuie  show 
yon  a  method  of  freeing  the  float  fWtm  the  surface,  which  was  suggested 
by  observation  of  what  was  seen  in  the  pupa  of  the  gnat.  A  thread 
wetted  with  water  is  drawn  over  the  month  of  each  tube.  It  cuts  the 
connection  with  the  surface,  and  the  float,  loaded  so  as  to  be  denser 
than  water,  goes  down  at  once.  Meinert  has  described  a  pencil  of  hairs 
which  appear  to  perform  the  same  office  for  the  pupa  of  the  gnat.  The 
hturs  draw  a  flim  of  water  over  the  open  mouth  of  each  respiratory  tube, 
and  mascalar  contraction,  used  moderately  and  economically,  does  the 
rest.  When  the  pupa  again  comes  to  the  surface  the  tubes  are  over- 
spread by  a  glistening  film  of  water.  This  is  partially  withdrawn  by  a 
movement  of  the  hairs,  so  that  a  chink  appears  by  which  air  can  be 
slowly  renewed.  When  the  insect  is  completely  tranquil,  the  hairs 
appear  to  withdraw  more  completely,  and  the  tube  suddenly  becomes 
free  of  all  film.  The  act  of  opening  or  closing  the  film  is  so  rapid — like 
tbe  wink  of  an  eye — that  I  can  not  pretend  to  have  observed  more  than 
the  closed  tube,  the  slightly  open  tube,  and  then  tbe  sudden  change  to 
a  completely  open  condition.    [Living  pupie  shown  by  the  lantern.] 

Another  Dipterous  larva  described  and  admirably  figured  by  Swam- 
merdam  is  the  \aeva  of  Stratiomys,  a  larva  which,  as  the  structure  of 
the  fly  shows,  belongs  to  an  altogether  different  group  from  Chirono- 
mtu,  Simulium,  or  the  gnat.  Though  only  remotely  connected  with  the 
giiat  in  the  systems  of  zoologists,  the  Stratiomys  larva  has  learned  the 
same  lesson,  and  is  equally  well  fitted  to  take  advantage  of  the  peculiar 
t>roperttes  of  the  surface  film.  The  tail  end  of  the  Stratiomys  larva  ii 
provided  with  a  beautiful  coronet  of  branched  filaments.    When  the 
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(MM-<met  in  extended  it  forma  a  basin  open  to  the  air  and  impemonBto 
wivter,  l»y  reason  of  the  fineness  of  the  meshea  between  the  component 
niainenta.  Were  the  larva  provided  with  a  basiii  of  the  same  propor- 
tion!* tornied  out  of  continuous  membrane,  it  might  float  and  breathe 
perfei-tly  well,  but  the  old  difficulty  would  come  back,  viz,  that  of 
freeinj;  itself  neatly  and  quickly  when  some  sudden  emergency  required 
the  animal  to  leave  the  siirfmie.  As  it  is,  the  plumed  filaments  collapse 
and  their  points  approach;  the  side  branches  are  fi>lded  in,  and  the 
basin  is  hi  a  moment  reduced  to  a  pear-shaped  body,  filled  with  a  glob- 
ule of  air,  and  reaching  the  surface  of  the  water  only  by  its  pointed 
extremity.  Down  poes  the  Stratiomys  larva  at  the  first  liint  of  danger, 
awhnminK  through  the  water  with  swaying  and  Inoptng  movements, 
8om(>what  like  those  of  Gliironomus^  When  the  danger  is  past,  it 
ceases  to  struggle  aud  floats  again  to  the  surface.  The  pointed  tip  of 
it.«  tail  fringe  pierces  the  surface  film,  the  filaments  separate  once  more, 
and  the  floating  basin  is  restored. 

The  larva  of  Stratiomys  is  extremely  elongate.  The  length  of  its 
IxKly  lias  evidently  some  rt-httion  to  the  mode  of  life  of  the  larva,  but 
none  at  all  to  that  of  the  fiy  which  is  formed  within  it.  The  jmpa  is  bo 
much  snmllor  than  the  larva  ns  to  occupy  only  tlie  forepart  of  the  space 
within  the  larval  skin.*  The  interval  becomes  filled  with  air,  and 
during  the  pupal  stage  the  animal  fioats  at  the  surface  witliin  the 
empty  larval  skin. 

Stnitioutys.  both  in  it**  larval  aud  pupal  states,  floats  at  the  surface 
of  the  water.  The  larva  can  descend  into  the  water  when  attacked, 
but  the  pupjt  is  too  buoyant,  aud  too  much  encumtiered  by  its  outer 
c;u«',  to  execute  any  such  maneuver.     Prorisiou  has  accordingly  to  be 


niiule  for  the  protection  i>f  the  helpIes.-<  pu)>a  agaiost  its  many  • 
It  is  pnibabh'  that  hungry  insects  and  biiils  mistake  the  shapeless  lar- 
val skill.  Hoitting  iwissively  at  the  surface,  for  a  dead  object.  The  eon- 
aidenibh'  s)iswv  l>etwecu  the  outer  envelope,  or  larval  skin,  and  the 
"    •      ••  ■'  M  may  ke,'|.  off  others,  for  the  first  bite  of  a  Dytiscna 

rva  wrtuhl  b,'  diaapiwtnting.  Still  further  aecnnty  la 
L'xture  of  the  lar%-Al  skiu  it.-«lf.  The  cuticle  consists  irf 
e  inner  is  i-oiuitaralively  soft  and  laminated,  wh»le  tne 
ipregnat,Hl  with  caUamms  sail*,  and  estreinely  hanL 
:ibilitv  is  obiiiineil  bv  the  sub  division  of  the  hard  outer 
ni  the  surfiice,  it  is  brx.ken  up  into  a  multitude  of  Uesag- 
of  which  forms  the  Im,*  of  a  <-.>nical  projection,  reach- 
^.ftor  laver  lH.u,v.th.  The  c.ai<-al  sha,^  of  these  calc* 
ws  a  wrluin  amount  of  K-nding  of  the  cudcle.  ^m 
A-^i  «irf».v  is  pr>»t«t«I  by  an  armor,  iu  which  even  me 
Us  ..fa  I>yti**ws  larva  »-au  liiid  m>efl«-tive  cbink^^^ 
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Tlie  lAFva  and  papa  of  the  Dipterous  Qy,  Pti/ckoptera  paludosa,  exhibit 
some  interesttDg  adaptations  of  tlie  tracheal  system  to  unusual  coit- 
(litioD8.  The  larva  is  found  in  muddy  ditches,  where  it  buries  itself 
in  the  black  ooze  to  a  depth  of  an  inch  or  two.  Here,  of  course,  it  can 
procnre  uo  oxygen,  either  gaseous  or  dissolved.  When  it  requires  a 
freah  supply,  it  must  reach  the  surface  with  part  of  its  body,  aud  to 
enable  it  to  do  so  with  the  least  pomtible  exertion,  the  tail  end  of  the 
body  is  made  telescopic,  lilie  that  of  another  and  still  more  familiar 
Dipterous  larva,  Eristalis.  The  lant  segments  are  drawn  very  fine,  and 
are  capable  of  a  very  great  amount  of  retraction  or  expansion.  Ko  vis- 
ible opening  for  the  admission  of  air  has  been  discovered,  nor  do  the 
hairs  form  a  floating  basin,  as  in  the  Strationiys  larva.  The  larva  niny 
be  often  seen  lying  just  beneath  the  surface,  which  is  broken  by  the  tip 
of  the  tail.  'Whether  air  can  be  admitted  here  by  some  very  minute 
orifice,  or  whether  it  is  renewed  by  the  exchange  of  gases  through  a 
thin  membrane,  I  can  not  as  yet  venture  to  say.  In  shallow  water  the 
larva  may  be  occasionally  found  Ij-ing  on  or  in  the  mud,  and  stretching 
out  its  long  tail  to  the  surface.  Id  deeper  water  it  often  floats  at  the 
surface. 

Two  tracheal  trunks  run  along  the  whole  length  of  the  boily,  inclad- 
ing  the  slender  tail,  where  they  are  extremely  convoluted  and  un- 
branched.  Toward  the  middle  of  the  body  the  tracheie  become  greatly 
enlarged  in  the  center  of  eiivli  segment,  the  intervening  portions,  team 
vhich  many  branches  are  given  off,  being  comparatively  narrow.  Each 
tube  therefore  resembles  a  row  of  bladders  connected  by  small  necka 
A  cross  section  shows  that  the  tubes  are  not  cylindrical,  but  flattened, 
and  that,  while  the  lower  surface  is  stifl'ened  by  the  usual  parallel 
tliickenings,  the  upper  surface  is  thrown  into  two  deep  longitudinal 
furrows,  so  that  it  is  reiilly  inQated,  becoming  circular  in  sectiou,  and 
readily  collapses  again  when  the  air  is  expelled.  It  seems  likely  that 
the  buoyancy  of  the  larva  can  thus  be  regulated,  and  a  larger  or  smaller 
quantity  of  air  taken  in  as  desired. 

The  pupa  has  a  pair  of  i-espinitory  tubes,  which  ai-e  carried,  not  on 
the  toil,  but  on  the  thorax,  close  behind  the  head.  One  of  these  tubes 
is  very  long,  the  other  very  short.  The  long  tutie  is  twice  as  long  as 
the  body  and  tapers  very  gradually  to  its  free  tip.  Here  we  find  a 
curiouM  radiate  structure,  rather  like  the  tectli  of  a  moss-capsule,  which 
Heems  adapted  for  opening  and  closing.  There  is  however  do  orifice 
which  the  most  careful  scrutiny  has  succeeded  in  discovering.  A  deli- 
cate membrane  extends  between  the  t(;eth,  and  prevents  any  passage 
Inward  or  outward  of  air  in  mass.  The  tnbe  incloses  a  large  trachea, 
the  continuation  of  one  of  the  main  tracheal  trunks.  This  is  stiffened 
by  ft  spiral  coil,  but  at  intervals  we  find  the  coil  deficient,  while  the 
wall  of  the  tube  swells  out  into  a  thin  bliulder.  However  the  tube  is 
tnmed,  a  number  of  these  bladders  come  to  the  surface.  As  the  pupa 
lies  on  the  surface  of  the  mud,  the  filament  floats  on  the  top  ofJ^*,- 
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water,  and  the  air  is  reuewed  without  effort  throngli  the  thin-walled 
bladders. 

Wtiy  should  the  position  of  the  respiratory  organs  be  ehanged  from 
the  tail  end  in  the  larva  to  the  head  end  in  the  pupal    Ohirouomns, 
the  gnat,  Corethra,  and  many  other  a<iuatrv  insects  exhibit  the  same 
phenomena.     Evidently  there  must  be  some  reason  why  it  is  more  con- 
venient for  the  larva  to  take  in  air  by  the  tail,  and  for  the  pupa  to  take 
in  air  by  the  head.     Let  us  consider  the  case  of  the  larva  first.     Where 
it  floats  from  the  surface,  or  pnshea  some  part  of  its  body  to  the  sur- 
face, it  is  plain  that  the  tail  must  come  to  the  top  and  bear  the  respira- 
tory outlet,  for  the  head  bears  the  mouth  and  mouth  organs,  and  must 
sweep  to  and  fro  in  all  directions,  or  eveu  bury  itself  iu  the  mad  in 
quest  of  food.    To  divide  the  work  of  breathing  and  feeding  betweeo 
the  opiK)site  ends  of  the  body  is  of  obvious  advantage,  for  the  breath- 
ing can  be  done  best  at  the  top  of  the  water,  and  the  feeding  at  th« 
bottom,  or  at  least  beneath  the  surface.    Such  considerations  seem  to 
have  fixed  the  resjiiratory  organs  at.  t!ie  tail  of  the  larva.     Why  then 
need  this  arrangement  be  reversed  when  the  insect  enters  the  pupal 
stagef    There  is  now  no  feeding  to  be  done,  and  it  sorely  does  not 
signify  how  the  head  Is  carried.     Why  should  not  the  pupa  continue 
to  breathe  like  the  larva,  by  its  tail,  instead  of  developing  a  new  appa- 
ratus at  the  opposite  end  of  its  body,  as  if  for  change's  sake !    Well, 
it  does  not  appear  that,  so  far  as  tlie  pupa  itself  is  concerned,  any  good 
reason  can  be  given  why  the  larval  arrangement  should  not  coutiune. 
But  a  time  conies  when  the  tly  has  to  escape  from  the  pupa  case.    The 
skin  splits  along  the  back  of  the  thorax,  and  here  the  fly  emeiges, 
extricating  its  legs,  wings,  head,  and  abdomen  from  their  close-fitting 
^„„^j^,^^     Ti.^  .n»..M.  ^arts  must  be  drawn  backward  out  of  their 
upward,  and  the  abdomen  forward,  so  that 
le  pla<'e  of  escape,  viz,  by  the  back  of  the 
ines  of  movement  converge.     If  then  the  fly 
of  the  thorax,  the  back  of  the  thorax  mast 
nt  least  the  latter  part  of  the  pupal  stage, 
emerge  iut«>  the  water  instead  of  iuto  the 
hack  of  the  thorax  must  fioat  uppermost  iu 
clear  that  here  the  respiratory  tubes  most 

the  many  insects  which  run  and  skate  on  tbe 
onsequence  of  the  i>eculiar  properties  of  the 
ible  to  do  so,  first,  by  reason  of  their  small 
F  the  great  spread  of  their  legs;  and  thirdly, 
lirs  with  which  their  legs  are  provided.  The 
ilm  is  measured  by  the  length  of  the  line  of 
the  nnilti  plication  of  points  of  contact  may 
support  afforded  by  the  surface  of  the  wat«r. 
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In  the  case  of  very  small  ini^ects  it  becomes  possible  not  ouly  t^  run 
ou  the  surface  of  the  water  but  eveo  to  leap  upon  it,  aw  upon  a  table 
This  is  particularly  veil  seen  in  one  of  the  smallest  and  simplest  of  all 
insects — the  little  black  I'odnra,  which  aboundsinshcetsof  still  water. 
The  minute  and  hait'y  bo<ly  of  the  Podura  isincapablcof  being  wetted, 
■MtA  the  insect  frisk.s  about  on  the  silvery  snrfaco  of  a  |>ond,  just  as  a 
house  fly  might  do  on  the  surface  of  quicksilver,  Tliis  is  all  very  well 
ISO  long  as  the  Podura  is  anxious  only  to  amuse  itself,  or  move  from 
place  to  place,  but  it  has  to  seek  its  food  in  the  water,  and,  indeed,  the 
attractiveness  of  a  sheet  of  water  to  the  Podura  lies  mainly  in  the 
decayiuff  vegetation  I'ar  below  the  surface.  But,  if  the  insect  is  thus 
incapable  of  sinking  below  the  surface,  how  does  it  ever  get  access  to 
its  Hobmerged  food  T  1  have  endeavored  to  arrive  at  the  explanation 
of  this  difficulty  by  observsition  of  Poduras  in  captivity.  If  you 
place  a  number  of  Poduras  in  a  beaker  half  full  of  water,  they  are 
wholly  unable  to  sink.  TheyTnn  abont  And  leap  upon  the  surface,  as 
if  trying  to  escape  from  their  prison,  but  sink  they  can  not.  I  have 
cliased  tliem  about  with  a  small  rod  until  they  became  excited  and 
much  alarmed,  but  they  were  wholly  unable  to  descend.  Even  when 
ixtge  quantities  of  alcohol  were  added  to  tlie  water  the  dead  bodies  of 
the  Podura  are  seen  floating  at  the  top,  almost  as  dry  as  before.  It  is 
only  when  they  arc  placed  upon  tlie  mirfmre  of  strong  alcohol  that  the 
dead  bodies  be«u>me  wetted,  and  after  a  considerable  time  are  seen  to 
sink.  How,  then,  does  the  Podura  ever  descend  to  the  depths  where  its 
food  is  found  1 

I  found  it  au  easy  matter  to  make  a  ladder,  by  which  the  Poduras 
conld  leave  the  upper  air.  A  few  plants  of  duckweed  intro<luced  into 
the  beaker  enabled  them  at  pleasure  to  pull  themselves  forcibly  through 
the  surface  film,  and  climb  down  the  long  root  hanging  into  the  water 
like  a  rope.  Once  below  the  surface,  the  Podura,  though  buoyant,  is 
enabled,  by  muscular  exertion,  to  swim  downwards  to  any  depth. 

Other  aquatic  insects,  not  quite  so  minute  as  the  Podura,  experience 
Houething  of  the  same  diflicnlty.  A  Gynnus,  or  a  small  Hydrophilus, 
linds  it  no  easy  matter  to  quit  the  surfac^e  of  the  water,  and  is  glad  of 
a  stem  or  root  to  descend  by. 

To  leave  our  aquatic  insects  for  a  moment,  we  may  notice  the  habit 
of  creeping  on  the  under  side  of  the  surface  film,  which  is  so  oft«n  prac- 
ticed by  leeches,  snails,  cyclas,  et^'.  I  find  this  is  often  described  as 
creeping  ou  the  air,  and  some  naturalists  of  the  greatest  eminence 
apeak  of  fresh-water  snails  iis  creeping  "on  the  stratum  of  air  in  con- 
tact with  the  surface  of  the  water."  •  The  body  of  the  animal  is,  nev- 
ertheless, wholly  immersed  during  this  exercise,  as  may  be  shown  by  a 
simple  experiment.  If  Locopodium  powder  is  sprinkled  over  the  water 
tlie  light  particles  are  not  displaced  by  the  animal  as  it  travels  beneath. 


*  ■Semiier'H  "  Anitiml  Life."  F^Dg.  trans..  ]>.  !f05,  and  n 
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The  possibility  of  creeping  in  this  maDiiev  dependf,  not  upon  an; 
"repulsion  between  tlie  water  and  the  dry  surface  of  the  body,"  toquot« 
an  explanation  wliich  is  often  given,  but  upon  tbe  tenacity  of  tlie  sur- 
face fllni,  which  serves  as  a  kind  of  ceiliug  to  the  wat«r  chamber  below. 
The  bo<1y  of  the  leecb  is  distinctly  of  bigber  B[>ecific  gravity  tlian  tlie 
water,  and  falls  quickly  to  the  bottom,  if  the  animal  loses  its  hold  of 
the  surface  film.  The  pond  snaiU  however  at^tnally  Hoat  at  the  sor- 
face,  and  if  disturbed,  or  made  to  retract  their  foot,  they  merely  toru 
over  iu  the  water. 

What  is  the  result  of  all  the  expedients  which  have  enabled  air- 
breathing  insects  to  overcome  the  difSculties  of  living  in  water!  They 
have  been  snccessfnl,  we  might  almost  say  too  successfut,  iu  gaining 
access  to  a  new  and  ample  store  of  food.  Aquatic  plants,  minnte  ani 
mals,  and  dead  organic  matter  of  all  kinds  abound  in  our  fresh  waters. 
Accordingly  the  species  of  aquatic  insects  have  multiplied  exceedingly, 
and  tbe  number  of  individuals  in  a  specieti  is  sometimes  Burprisinglf 
high.  The  supply  of  food  thus  opened  out  is  not  only  ample,  but  in 
many  cases  very  easy  to  appnipriate.  Accordingly  the  bead  of  the 
larva  degenerates,  becomes  small  and  of  simple  structure,  and  may  be 
in  extreme  cases  reduced  to  a  mere  shell,  not  in<Josing  the  brain,  aiid 
devoid  of  eyes,  antenna-,  and  jaws.  The  organs  of  loconiotiim  also 
commonly  aftiird  some  indications  of  degeneration.  Where  the  ingect 
has  to  find  a  mate,  and  discover  suitable  sites  for  egg-layiog,  the  fly  ul 
least  must  possess  some  degree  of  intelligence,  keen  sense  organs,  and 
means  of  rapid  locomotion,  liut  some  few  aquati<!  insects,  as  well  as 
8<mie  non-aquatic  speiaes  whicb  have  found  out  an  unlimited  store  of 
fooil,  manage  to  produce  oli'spring  from  unfertili>'.ed  eggs,  and  to  have 
these  eggs  laid  by  wingless  pupa;  or  hatched  within  the  bodies  of  wing- 
less larvie.  The  development  of  the  winged  tly,  the  whole  business  of 
mating,  and  even  the  development  of  the  embryo  witbin  the  egg,  have 
thus,  in  i>articular  insects,  been  abbreviated  ht  the  |>oint  of  suppret^ 
sion.  This  is  what  I  mean  by  saying  that  the  pursuit  of  a  new  supply 
of  food  has  in  the  case  of  certain  aquatic  insects  proved  even  too  suc- 
cessful. Abundant  food,  ne^tding  no  exertion  to  discover  or  appropriate 
it,  has  hnl  in  a  few  instances  to  the  almost  complete  atrophy  of  thow 
higher  organs  and  fiinctions  which  alone  make  life  interesting. 
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TflE  oeographk;  distribution  of  life  in   north 

AMERICA. 
WITH  SPECIAL  KKFERENCK  TO  THE  MAMUALU.- 


By  (J.  Habt  MERKIAM,  M.  D. 


Nine  yeiirw  ago  the  Biological  Society  listened  to  an  address  from  its 
distin^ishod  retiring  jtreKident,  Prof.  Gill,  on  "Tbe  PriiicipleH  of 
Zoo- geography,"  or  the  Bcieiice  of  the  geo(!:raphi<;al  diNtributiou  of  ani- 
Dials.t  I'rof.  Gill  assembled  the  oi'eaDs  of  the  globe  as  well  an  the  land 
areas  into  primary  divisious  or  "zoulogieal  realms,"  of  which  he  recog- 
nized nine  for  the  land  and  five  for  the  »'A.  It  is  not  niypuriHisc  Co 
discnss  the  zoJilogicnl  legions  of  tlie  whole  world,  but  to  lay  before  you 
some  of  the  facta  coneernt'd  iu  the  distribution  of  terrestrial  animals 
and  plants  in  North  America  with  Ki>ecial  reference  to  tho  nnmber  and 
bonnilarieH  of  the  subregioiis  and  minor  life  areas,  and  to  touch  upon 
the  causes  that  have  operated  iu  theii'  production. 

No  phenomenon  in  the  whole  realm  of  nature  forced  itself  earlier 
upon  the  notice  of  man  than  certain  facts  of  geographic  distribution. 
The  daily  search  for  food,  the  first  and  principal  occupation  of  savage 
roan,  directed  his  attention  to  the  uneiiual  distribution  of  animals  and 
plants.  He  not  only  noticed  that  certain  kinds  were  found  in  rivers, 
ponds,  or  the  sea,  and  others  on  land,  and  that  Kome  terrestrial  kinds 
were  never  seen  except  in  forestH,  while  others  were  as  exclusively 
restricted  to  open  prairies,  but  h-i  observed  ftirther,  when  his  excur- 
sions were  extended  to  moie  distant  loi-alities  or  &om  the  valleys  and 
plains  to  the  summits  of  neighboring  mountains,  that  unfamiliar  fruits 
and  insects  and  birds  and  mammals  were  met  with,  while  those  ho 
formerly  knew  disappeared. 


'Ajuinal  Pr<^aidential  Adilroea,  di'liveiv il  iit  tlie  twutfth  nnniversary  meeting;  of  tLe 
Biuluf[jcal  Society  of  Wagttiiij^ii,  FuliniBry  ti,  1892.  (From  tbe  rmc.  Biolog.Soc, 
WMhington,  vol.  vii,  pp.  l-Sl.) 

tfroc  liioUtg.  &c.,  Waahingtuu,  1884,  vul.ii,pp.I-3».  ^    ,,^ 
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Thus  primeval  loaii,  and  in  truth  the  auuestors  of  primeval  invi, 
learoeil  by  obaervation  the  great  fact  of  geographic  distribation,  the 
fact  that  particular  kinds  of  aaimals  aud  plants  are  not  nniforinly  dif- 
fused over  the  earth,  but  are  restricted  to  more  or  less  circamsiTibed 

It  will  be  observed  that  two  classes  of  cases  are  here  referred  bi, 
namely,  (1)  cases  in  vhicli  in  the  same  general  region  certaiii  speciei 
are  restricted  to  swaiups  or  lowlands,  whileuthers  are  conliue<l  to  denote 
forests  or  nMJky  hillsides — diffei-ences  of  utation,  and  (2)  cases  in  whicb, 
regardless  of  local  peculiarities,  a  general  change  ttikes  ]ilai-e  in  the 
fauna  and  tinra  in  passing  from  one  region  to  another,  or  from  low  val- 
leys or  plains  to  high  mountains — geogrnpiic  differences.  The  latter 
class  only  is  here  considered. 

Every  intelligent  schoolboy  knows  that  elephants,  liotis,  gimSes,  and 
chimpanzees  inhabit  Africa;  that  orangs  and  flying  lemurs  live  in 
Borneo;  kangaroos  in  Australia;  the  apteryx  in  New  Zealand;  tbi- 
Boynl  Bengal  tiger  in  India;  llamas,  chinchillas,  and  sloths  in  SonUi 
America;  the  yak  in  the  high  table  lands  of  Thibet,  and  soon.  lu 
accordance  with  these  facta  naturalists  long  ago  began  to  divide  the 
surface  of  the  globe  into  zoological  and  botanical  regions  irrespective 
of  the  long-recognized  geographic  and  political  divisions.*  It  was 
found  that  »lifferent  degrees  of  relationship  exist  between  the  indige- 
nous animals  and  plants  of  different  countries,  aud  that  as  a  rule  the 
more  remote  aud  is<ilated  the  region  and  the  earlier  in  geologic  time  its 
separation  took  piM-e,  the  more  tlistiuct  were  its  inhabitants  from  those 
of  other  regions.  Each  of  the  hirger  islands  lying  near  the  equator 
and  the  continental  masses  of  the  southern-  hemisphere  were  found  to 
jtosseas  not  only  |>eculiar  species  aud  genera,  but  even  families  and 
orders  not  found  elsewhere;  and  it  was  discovered  that  insular  areas 
of  considerable  magnitude  that  have  had  uo  land  connection  with  other 
areas  since  very  earl;  times  possess  faunas  and  floras  remarkable  for 
the  antiquity  of  their  dominant  types.  In  Australia,  the  most  discon- 
nected of  all  the  continents,  the  entire  mammalian  fauna,  though  won- 
derfully diversiJied  iu  appearance  and  habits,  belongs  to  the  primitive 
orders  of  monotreuies  and  marsupials,  whose  best  known  represeuta- 
tive«  are  the  duck-billcd  platypus  and  the  kangaroo.  In  the  latta 
group  Australia  and  neighboring  islands  contain  uo  less  than  six  Euni- 
lies  not  foniid  in  any  other  [mrt  of  the  world. 

Madagas<'ar  is  the  exclusive  home  of  the  remarkable  aye-aye  (Civ 
t>i)H,VK)  and  Crfiptoprocla,  the  latterbelJeved  to  be  intermediate  betweeo 
thp  catA  aud  civets. 

'  Aqiuhk  tbp  maay  ilintiimuiBbt^  unturali^ta  who  barv  eoDtri)iiit«d  to  tha  liten- 

(lira  of  th"  KiiUjprt.  iiiity  Ih>  mru tinned  Haml>olilt,  BoapUml,  Baffoo,  De  Cuidalle, 

>r,  \ip%»»ir.  B»inl.  \aa  tlniy,  tirisebarh.  Huxley,  Gill,  Atlea,  WsU*<*i 
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Tropical  America  is  aluue  in  the  possession  of  true  ant-caters  {^fyr■ 
ntfcopkagid^),  sloths  (Bradypodid<r),  inarinoscts  {Hapalidfc),  armadilloii 
{Dagj/podidtt),  and  agouties  {2>asyproctida;). 

Africa  is  tlie  Lome  of  many  groups  not  known  elsewhere.  Among 
them  are  the  girafte,  hippopotamus,  Orycteropm,  elephant  shrews 
[MacroscelididiX),  Potomogale,  and  Ghrysoehlorida:. 

Besides  thisclassof  cases,  in  which  partienlar  groups  are  restricted  to 
particnliir  countries,  there  is  another  class,  in  which  the  living  represen- 
tativesofsinglegroupsexistin  isolated  colonies  in  widely  separated  parts 
of  the  world.  lUustrationa  of  this  kind  are  furnished  hy  the  tapirs,  which 
inhabit  tropical  America  and  the  Malay  Peninsula,  but  do  not  exist  in 
iDtermediate  lands;  by  the  family  Camelidw,  represented  in  South 
America  by  the  llamas  and  in  parts  of  Kurasia  by  the  true  camels; 
and  by  a  group  of  insectivorous  mammals  in  wLich  all  the  genera  but 
oue  are  restricted  to  Madagascar,  the  one  exception  {Solenodon)  living 
in  Cuba  and  Haiti.  Examples  of  this  sort  are  kuown  as  cases  of  di«- 
emtinuous  distribution,  and  indicate  that  the  ancestors  of  tbe  animuls 
in  question  formerly  inhabited  avast  extent  of  country;  that  some 
sort  of  land  connection,  however  indirect,  existed  between  tbe  colonies 
now  so  widely  separated,  and  that  the  surviving  descendants  of  these 
enmps  are  probably  aiiproaching  extinction. 

The  examples  thus  far  citi-d  relate  to  the  disconnected  land  areas  in 
the  neighborhood  of  the  equator  or  in  the  southern  hemisphere,  and 
their  explanation  Is  to  be  sought  in  the  history  of  the  past.  In  tbe 
northern  hemisphere  animals  and  plants  in  general  have  a  much  more 
eitended  distribution  than  iu  tbe  southern,  the  majority  of  the  larger 
groups  being  common  to  North  America,  Euro^te,  and  Asia,  and  the 
limits  of  their  distribution  are  encountered  in  traveling  in  a  north  and 
wnth  direction  and  are  evidently  the  result  of  causes  now  in  opera- 
tion. It  is  to  this  class  of  easels  as  presented  on  the  Xorth  American 
continent  that  your  attention  is  invited  this  evening. 

In  passing  from  the  troi>ics  U>  the  Arctic  i>ole  on  the  eastern  side  of 
America  a  number  of  distinct  zones  are  crossed,  the  most  conspicuous 
features  of  which  are  well  known.  In  the  plant  world  the  palms,  man- 
groves,  mahogany,  mastic,  Jamaica  dogwood,  and  cassias  of  the  tropical 
coast  districts  arc  ancceeded  by  the  magnolias,  papaws,  sweet  gums, 
blackberries,  and  persimmons  of  the  Southern  States.  These  give  place 
gradnally  to  tbe  oaks,  chestnuts,  an<l  hickories  of  the  Middle  States, 
Md  the  latter  to  the  groves  of  aspen,  maple,  and  beech  which  reach 
the  southern  edge  of  the  great  coniferous  forest  of  the  north, — a  forest 
of  Bpmces  and  firs  that  stretches  completely  across  the  continent  from 
Idbrabor  to  Alaska.  Beyond  this  forest  is  a  treeless  expanse  whose 
distant  shores  are  bathed  in  the  icy  waters  of  the  Arctic  Ocean. 

CoDcurreutly  with  these  changes  in  vegetation  from  the  south  north- 
ward occur  equally  marked  differences  in  the  mammals,  birds,  reptile? 
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and  iiiBect».  Among  maminalu  the  tai)irs,  uiuukeyu,  artnadilloa,  uasitas, 
p<.'««aries,  ainl  opoSHuin»  of  Central  America  iin<l  Mexico  are  replacnd 
to  the  northward  by  wtHMl-rats,  marmots,  chipmniiks,  foxes,  rabbits, 
short- tailed  field-mice  of  several  genera,  xhrews,  wiM-eatn,  lynxes,  short- 
tailed  porcupines,  elk,  inooae,  reindeer,  uables,  fishers,  wolverines,  lem- 
mings, musk  oxen,  and  polar  bears. 

The  trogons,  saw  bills,  parrots,  eotingas,  and  other  binls  «)f  tropical 
America  give  place  in  turn  to  the  cardinals,  blue  grosbeaks,  mocking 
binls,  tufted  tits,  and  gnat-catchers  of  the  Southern  Stati-s ;  the  chewink, 
indigo  bird,  tannger,  bluebird,  and  robin  of  the  Middle  and  Xorthem 
States;  the  Canada  Jays,  entssbilla,  whit<i-tbi-oated  sparrows,  and  hawk 
owls  of  the  northern  coniferous  forests,  and  the  ptarmigans,  suowy  owls, 
and  siiowflakes  of  the  Aretic  circles, 

HISTORIC'AI,   SYNOPSIS   OF  FATNAL  AND   FLORAL  DIVISONS    PROPOSED 
FOE  NORTH  AMERICA. 

The  recognition  of  the  itbove-nii'iitioned  fiwts  early  led  to  attempts 
to  divide  the  surface  of  the  laud  into  faiiaal  an<l  floral  regions  or  zones, 
and  no  less  than  fltty-six  authors  have  projwsed  such  divisions  for 
North  America.  Of  these,  thirty-one  were  zo(>logists  and  twenty-five 
botaiii-sts.  Of  the  zoiilogists  ten  aimed  to  show  the  distribution  <rf 
animals  in  general,  eight  of  birds,  four  of  terrestrial  mollusks,  three  of 
mammals,  one  of  i-eptiles  and  batrachians,  and  four  of  insects.  Of  the 
botanists,  twenty-two  aimed  to  show  the  distribution  of  plants  in 
general  aud  three  of  forest  trees. 

Of  the  writers  who  attempted  to  indicate  the  life  aivas  of  the  New 
World  prior  to  I80O,  (iS  per  cent  were  botiiuists,  while  during  the  next 
.  ^_.  _._  ,,.,-,.  1870),  C."»  i>er  cent  were  zoologists.  This  striking 
ological  pendulum,  first  toward  botany  aud  then 
r  be  attributed  in  i>art  at  least  to  the  iudnence  of 
nmbohlt  and  Agassiz.  Humboldt  laid  the  corner- 
ihie  study  of  plant  geography  in  lf>05.  Stimulated 
writings,  botanists  led  the  way  and  were  almost 
f  the  field  uutil  the  middle  of  the  jiresent  eentor}', 
of  the  elder  Agassiz  gained  the  iisceudancy  aod 
epiaced  by  zoiilogists,  who  have  been  in  the  lead 

;  tiible  shows'the  various  authors  i-eferreil  to,  the 
)ublicatioti  of  their  divisions,  the  branch  of  biolog)' 
usions  were  bn.sed,  aud  states  whiithei"  or  not  tlieir 
lanied  by  maps. 
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The  principal  bio-geo(n*i*pbic  (livisioiis  tliat  havf  been  recognized  by 
a  large  namberof  writers,  anil  ah  a  rule  have  been  proposed  independ- 
ently and  under  different  nanieH,  resulting  from  the  study  of  differAnt 
grotips,  are  described  in  the  following  synopsoH,  eacb  of  which  may  be 
regarded  as  a  chronologic  synonymy  of  the  region  to  which  it  refers. 


An  Arctic  circum-polar  division  north  of  the  limitof  tree  growth  was 
recognized  as  a  distinct  region  by  Eui-opi-aii  writers  long  before  the 
earliest  attempts  were  made  to  map  the  faunal  and  Horal  areas  of  North 
:\merica.*     Hence  the  following  table  ia  neccsHarily  incomplete,  since 

'TbisrOftioD,  however,  U  not  aniveraally  recognized.  Wnllsce  ftnd  n  few  others 
nfoM  to  secept  it.  Agassiz,  Allen,  anil  nioHt  botanical  writers,  on  tbe  otlirc  hand, 
Kgard  it  aa  one  of  the  beat  ilrlined  of  tlie  primary  diviRinnH.  All  )niiH>rtant  reuuiit 
treatise  on  the  Bnbjoct,  tram  the  standpoiat  of  the  diHtribution  of  maninialB,  is  the 
following:  "  Dia  arkHtche  Subregion — Ein  Heilrag  mr  geographieehen  f'erbreitung  lUr 
Thitrr,"  by  Dr.  Augiiet  nrauor  (Zoologucke  Jahrbucker,  Jbtb.  fur.  Hgil.,  ill,  4^}  [c 
1S88,1§»-3W,  taf.vili).  ^^ 

H.  Mis.  334,  pt.  1 24 
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it  shows  ouly  the  exteut  to  which  this  zoue  han  been  recognized  by 
those  who  have  actually  deSned  faunal  and  floral  aroas  in  Nortb 
America: 


Author. 


1 


Do  CiudoUB  -.''.-,  Byperborsal  ragLoi 

Scboiiw I  R«lni 

Pickering '  An-tjo 

DeCsnddlle ili 


WsodwaH.. 

GriMbuh  . . 


Bi'lihenoii 
KaUoD.... 


ind  SaEifiugtfl -  _  - ,  -  ...  .da , . 

I  BIMs.. 


PoUr  toae 

BealDi  of  UoHw  and  SaxlfrBgeB  .  ■ 

tireenluid  region 

Pelmr  proTlurr 

BureD  t^andii.  „-...-,..-. „ 

Arctic  realm 

Region  or  Sulfngei  ud  Uouea. . 

AretlcAllilne  regioD 

Trcelcu  or  Eaklmo  province 


ArcUopnurfnce... 
Antic  district.... 
Arctic- Alpine  ilivl 


.    Aninula... 

-■....do 

.'  FUnIa 

.  Anlmftle  ..- 
J  Moliuks... 
.   PUnl« 


KOREAL   Ut VISION. 

This  heading  is  intended  to  cover  the  zone  of  coniferons  foreste 
extending  across  the  continent  south  oi' the  Arctic  realm.  While  its  , 
northern  boundary  is  fixed  at  the  limit  of  trees,  its  southern  border  I 
baa  been  variously  placed  by  difl'ereiit  writers.  Schouw  did  not  reooR- 
nizc  it  at  all,  but  carrie<l  his  great  forest  region  down  to  latitude  36°, 
where  the  true  southern  district  begins.  Berghaus,  who  in  other 
respects  followed  Schouw,  divided  this  great  region  into  two  parts,  the 
northerumost  of  which  he  named  the  "  Realm  of  conifers,'*  placing  its 
southern  limit  in  the  east  at  about  latitude  47^.  Hiuds,  Agassiz, 
Woodward,  Verrill,  and  Drude  speak  of  it  as  the  ''Canadian"  region- 
Its  southern  limit  is  here  extended  to  include  the  "  Canadian  faoDa" 
of  recent  zoological  writers. 

The  exteut  to  which  this  zone  lias  been  recognized  will  appear  fWiiD 
the  following  tablt:; 


L,,  Google 
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Pirterta!(. . 
B«gh.o... 

Hindi 

Scbminla. . . 


Gray 

LeConle. 

VMTiU... 

BioDeir  . . 


.  I  Packird  . . 
.  I  Sargent'  -  - 


N»n»gi 

™.o 

region. 

Stadf  ImhhI 

Rank. 

Btetaaotcoaittmaitt 

nats 

Aninule 

UoUneko 

Middle  and  norlhern  woodM 

dtatrfpt 

(V 

™: 

Laoiutriau  pruvinte  . 

Motluaka 
Foreata. 

LHiutrlui  pro'ln-e 

HndMnlu  nnd  ranwtlan  ta 

Region  of  cuBlfiT. 

Boreal  proiiofe — 

Nortbero  rarest 

;„::::;:;;;:;;:::::: 

Fortalo 

Boreiarrslon 

" 

^ 

* 

ATLANTIC,    CEKTRAI., 


f   TEMPBHATB   NORTH 


It  has  l)een  the  cnatom  of  recent  writers  to  divide  the  broad  middle 
zone  of  North  America  (moat  of  whieli  lies  within  the  United  States) 
into  three  main  divisioDS — Atlantic  or  Eastern,  stretcbuig  from  the 
itlkutic  Ocean  to  the  eastern  border  of  the  plains;  Central,  fiH>m  the 
plains  to  the  Sierra  Nevada;  and  Pacific,  from  the  Sierra  to  the  Faciflo 
Ocean,'  These  regions  were  proposed  as  early  as  1854  by  the  elder 
Agassiz,who  however  divided  the  Eastern  or  Atlantic  district  into  two 
regions  of  equal  rank — Alleghaiiian  and  Louisisnian,  or  fannas  of  the 
Middle  and  the  Southern  States.  In  this  respect  he  has  been  followed 
by  Cope.  Other  authors,  iucluding  Le  Oonte,  Baird,  and  Allen,  regard 
the  soathem  district  as  only  a  subdivision  of  the  Eastern  region. 
Agassiz  named  the  Central  region  the  "  Table-land  or  Rocky  Mountain 
fauna"  and  the  Pacific  the  "  Califoruian  faana." 

This  arrangement  of  the  UnitedStates  into  three  provinces  has  been 
followed  in  the  main  by  Le  Coote  (ia>9),  W.  G.  Binney  (1863),  Baird 
(18ti6},  Cope  (1873),  Orisebach  (187.">),  Wallace  (1876),  Allen  (1878), 
Packard  (1883),  Jordan  (1883),  Hartlanb  &  Newton  (1886),  and  Ileil- 
prin  (1887). 

The  three  divisions  will  be  considered  separately. 

Atlantic  or  eastern /orait  region. — Many  writers  have  recognized  an 
eastern  forest  region  stretching  from  the  plains  t^)  the  Atlantic  and  in 
a  general  way  from  the  boreal  or  coniferous  forests  of  the  north  to  the 

'Tbese  divisiona  miii  t  nut  bt>  confoimilcil  with  those  <if  Amos  Binney  (pnblished 
in  1851)  bearing  the  HUrne  names,  for  Uinney'a  Atlantii;  region  lay  Iwtnecn  the 
Allaotic  and  the  Alleghaoies,  tiis  Central  region  between  the  Allpglianios  anil  the 
R««'ky  MountaiiiH,  nnd  the  l>;iritlc  rvKLoti  brtwi'cn  the  Kcicky  Moiiutaina  and  th« 
P»Mfic.    Woodward's  iliviBioDB  (18.5«)  are  casentially  thoiwof  Amos  liiuaey. 
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alluvial  laiidH  of  tlie  South  Atlantic  and  Oulf  States;  but  its  tiortheni 
au«l  Houtheni  limits  have  been  by  no  in«anK  agreed  upon.  Sclionw 
delined  tliese  boundaries  itM  the  limit  of  trees  on  the  north  and  latitnde 
SC^  on  the  xouth,  and  named  the  region  Michaux's  realm  or  realm  of 
antorH  and  HoliduKOs.  Berghaus  retained  Schouw'a  southern  bound- 
ary, but  took  oH'  a  broad  belt  on  the  north,  which  he  named  the  realm 
of  coniferous  forests.  The  resulting  nortliern  limit,  as  shown  on  his 
map  (1838),  agrec-s  (closely  with  that  adopted  by  such  recent  writers  as 
Walhu-e  (1876),  Allen  (1878),  Packard  (1883),  and  Heilprin  (1887),  all 
of  whom,  on  the  otiier  hand,  carry  its  southern  boundary  south  to  the 
Gulf  of  Mexico,  thus  making  it  coextensive  with  the  Atlantic  or  East- 
ern province  already  referred  to. 

Several  early  writers,  among  whom  Schouw  and  Berghans  were 
pnnniuent,  re<'ognized  this  region  in  the  oast,  but  kucw  nothiug  of  tlie 
ffreat  interior  plans,  and  consequently  spoke  of  it  as  estending  all  the 
way  to  the  Rocky  Mountains. 

The  extent  U*  wliich  this  Eastern  foiest  region  has  been  recognized, 
together  with  the  approximate  north  and  south  boundaries  assigned  it, 
will  appear  from  the  following  table: 


N. 
Tiwti 

A.T- 

TK.— lu  the  columns  ahowiuj:  limit  on  the  north  and  south  tin-  following  nhbrr- 
u«trt>-ripiiTiii)i  or  Louiiiiuia  rvKion;  G.=Giilr  of  Meiico. 

Italr. 

Aiilli.ir. 

— —"■ 

Umllonlb^ 

Xonli.   Sool 

-. 

A>ton  ud  •.•IMaKw 

c.F-      n. 
r,  F.       (1. 

C.  F.         A. 
C.  F,           A. 
>■>           A. 

(•  F.      .;. 

UT          «- 

(•  r.      c. 

A. 

f.  F.         ti. 

>«» 

Hind. 

-Ke*^t 

il»,v 

UlV-ilr 

«->-P« 

Vrrtitl 

HIBMI    iW.tt  1 

AM«,«^«ai.tap« 

....do 1 

IM* 

>Vir  l^i:Un>l  

■-" ' 

ln-trr                           1 

1*» 

.Xpp.l.,-hL« 

AII.-i;h«BUo      

¥<Hm     

AH«l*b,..      

K*.i,m 

Fvmil      

'"™-   ' 

IMl 

««UMk- I 

inuit. 1 

Fan«l> 1 

Aaiiiul. > 

PlMl. ' 

A- 

■  ■  F          O 
»■  F,          M 

runt. J 

MaUa^ 3 

Birt. ' 

:^r'..r;:,.. 

'  l,.Z^ 

OSEgli:::    \ 
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Central  or  middle  division. — This  division  extends  from  the  eastern 
border  of  the  great  plains  to  tlie  Sierra  Nevada  and  Cascade  Monn- 
tains.  It  was  proimsed  by  Aga«aiz  in  1854,  under  ttie  namtt  "Taltle- 
land  fanna  or  fanna  of  tho  Rocky  Mountains." 

The  extent  to  which  it  has  lieeii  recognized  will  appear  from  the  fol- 
lowing table : 


DltF. 

A„tb„r. 

NMBeglv«nt4>r.Kl„ii. 

RuhI  nn- 

Anlnwl* 

Iil«e(B 

Molliuk* 

Kanh. 

Bi»»er,W.G.,. 

Cautria  D 

^ 

^^'-'-'' 

Plant! 

IteptllM     and 

Anloiol* 

All 

tral''      i 

PUnls 

AnlouUs 

MoUn-ka 

PbnM 

I 

Cenlral  reel  a 

» 

Uonla  b 

Hellprin 

Bnndel 

Hldgw.y 

AalnuOi 

Pl«ita 

Pacific  or  California  dieitiion. — This  name  has  lieeu  very  generally 
applied  to  the  Pacitic  coast  region  of  the  United  States.  It  was  first 
recognized  by  the  botanist  DeOandolle  in  1820.  Pickering,  in  1830, 
named  it  the  Californian  flora,  hnt  knowing  little  or  nothing  of  the 
Sierra  S'evada,  and  believing  the  Itocky  Mountains  to  be  the  only  moun- 
tain system  of  importance  in  Xorth  America,  extended  its  eastern 
boundary  to  that  range.  In  this  way  he  was  followed  by  the  botanist 
Hinds,  in  1843;  by  the  coneliologists,  Amos  Binney,  in  18ol,and  Wood- 
ward, in  18.W.  Agassi?.,  in  1854,  was  first  to  fls  itseasteru  limit  at  the 
Bierra  Nevada  and  Cascade  mountains,  where  it  has  been  jtcrmitted  to 
rest.  Its  north  and  south  boundaries  have  niulergonc  considerable 
llactnations. 
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The  exteut  to  which  the  Pacific  or  GaliforDlan  region  has  been  recog- 
nized will  appear  from  the  following  table:* 


D»t«, 

Authoc. 
I'ickerlng 

N«n6  given  tfl  region. 

Sued  on - 
FluU 

Ruk. 

IH^ 

W«>t  c«i»t  of  Itnnpente  Uorth  Anuriu 

BlDnaytA.) 

MollnskH 

AnlmiUx 

Mollmk. 

lawcU 

Foreata 

Uollaska... 

Woodwanl 

Binney(W.O.)... 

«"«'-'' 

PUrU 

Reptiln    >»■ 

batrachiani. 

PUDt» 

Auimala 

.      "" 

Molluiki-... 

I'lflHW 

IBM 

Dnid 

Anlm«lB 

riftDts  

d  1 

T 

■Engler'g  "CHlironilitCoMl  PnivJUM"  is  not  indodcd  In  Ihi 

narrow  atrip  of  land  betwiwnthn  Coast  Ruifce  and  tha  l-ftritli', 

INamedfram  the  Slem  Nevada— not  IbeSUIe  of  Xevada. 


AUBTRO-RIPAHUN  OR  L00I8IANIAN  DIVISION. 

(SoutL  Atlantic  ami  Galf  States.) 
Latreille,  as  early  as  1817,  called  attention  to  the  difference  in  the 
insect  faaoa  in  Carolina  aud  Georgia  from  that  of  Peunaylvania  iUid 
New  York,  and  in  his  division  of  the  earth  into  circnuipolar  zoiieu  rau 
the  boundary  Hue  between  these  faann  at  latitude  3G°.  The  different? 
in  the  flora  of  the  South  Athintic  and  Gulf  States  from  that  of  the 
Northern  States  was  recognized  by  the  Danish  botanist  Scbouw  as 
early  as  1822  in  the  "  Bealm  of  Magnolias  or  Pursh's  Realm,"  which  lie 
then  proposed  for  the  region  between  the  parallels  of  30'^  aud  36^  iiortli 
latitude.  Thirty-four  years  later  (in  1856)  the  northeni  boundary  o( 
the  same  area  was  run  by  America's  greatest  botanist,  Dr.  Asa  Gray, 
along  the  parallel  of  36°  30',  only  half  a  degree  from  Schouw's  Jiirt. 
The  first  zoologist  to  recognize  this  region  was  the  elder  Binney,  wbo 
died  in  1847.  His  posthumous  work  on  "Terrestrial  Air- Urea  thing 
Mollusks,"  published  in  1S51,  describes  it  under  the  name  "Tertiary 
Region  of  the  Atlantic  Ooitst  and  the  Gulf  of  Mexico."  The  elder 
AgaHsiz  recognized  it  in  1854  as  one  of  his  seven  primwy  regions,  nam- 
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ing  it  the  Loaisianiau  fauna.  Later  writers,  except  Cope,  have  consid- 
ered it  a  sab-division  of  the  Easteru  forest  region.  Cope  restored  it  to 
primary  rank  in  1873  and  named  it  the  Aiistro-riparian  region. 

The  extent  to  which  tbiu  region  has  been  recognized  will  appear  from 
the  following  table: 


DmItL 

Author. 

K™og.v«  ■»„«!«.. 

Bawdon- 
In»cM 

runw 

R*Dk. 

mil 

Su              I    1  li 

Rerf^    f"" 

Uirti 

, 

1U1 

BinwijlA.) 

Bchnunla. 

TortUry  region  of  Atlsntic  unil  Gulf  couta 

MolloskB 

Anlmiilx 

PUnla 

In««U 

MoUuikR 

raroll  is''     dM'     i    1     U 

Btnncv  (W.  G.l--- 

Reptile!!   and 

PUnl. 

M<illu.k» 

Foresta 

Anlmmlii   and 
pUoU. 

S«.0»,dl.„l  ■ 

Sunwl 

CoMl       eiTBlon 

HONORAN   DIVISION. 

The  term  "  Sonoran  region"  has  been  applied  by  Cope  and  others  to 
an  importaot  life  area  which  enters  the  southwestern  part  of  the  United 
States  from  the  table-laud  of  Mexico.  It  was  first  recognized  by  a 
botanist,  Bicbard  Brinsley  Hinds,  R.  N.,  surgeon  to  H.  M.  3.  Sulphur, 
who  published  a  description  of  it  in  1843  under  the  name  "  The  Cbi- 
haahua  Region."  lie  defined  it  as  extending  south  to  the  tropic,  west 
to  the  Gulf  of  California  and  the  Colorado  liiver,  north  to  the  prairie 
region  of  the  United  States,  and  separated  on  the  east  from  the  Gulf 
of  Mexico  by  a  northward  extension  of  the  Central  American  region 
aloDg  the  lowlands  bordering  the  coast.  I'rof.  Baird  (in  1866)  stated 
Qiat  along  the  valleys  of  the  Rio  Grande  and  Gila  the  tiinna  of  the 
Central  province  "is  greatly  mixed  up  with  the  peculiar  f^ana  of  north- 
ern Mexico,  which,  as  far  as  its  summer  birds  indicate,  is  almost  entitled 
to  be  considered  as  a  fourth  main  province." 
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The  exteut  to  which  thia  region  has  been  recognized  will  appear  fhrai 
the  following  table: 


HiDdK 

LcCgs 

...  do - 
Balnl. 

'■  Rrown 
.•o„  . 

'  PurWr 

!  Kugler 

Unida 
'  UA\\nl 


S«me  giTen 

tonvioo. 

BUMIOD- 

Chibiuhiiui 

PU  ta 

Saatbic»lFni  uid  Htatb-n 
Arimniin  reBioD 

ulhwestflm  proTtiicw. 

PiWMtl 

.<   RrptUM    ud  \ 

l«tnuh[iuiL  ^ 
.'  Plula 


Ueilcv-Caliramuui  Son 

Altec  iiTDTliice 

Uraino  forMt  Rgion 

Nurtb  Htxlto  ud  TriM  dIMrict . . 

SoDunn  tnuiBiUao  rriiiaii 

SonuniB  prorinr* 


PENINSULA   or  LOWER   CALIFOKNLft. 

Thnt  the  fauuu  aud  doraof  tbe  peninsola  of  Lower  California,  orKoy  | 
part  of  it,  differs  radically  from  that  of  the  State  of  California  imme- 
diately on  tbe  north  was  pointed  oat  almost  simnltaneonsly  by  Baiid 
and  I^  Coute  in  ISoO.  Baird  stated  that  the  fauna  of  its  sonthem 
extremity,  as  determined  by  collections  of  its  mammals,  birds,  and 
reptiles,  "  is  almost  identical  with  that  of  the  Gila  Biver,  and  to  a  cer- 
tain extent  with  that  of  tbe  Rio  Grande,"  but  differs  wholly  from  that 
of  Upper  California.  In  accordance  with  these  facts  be  afterwards  (in 
1866)  mmie  Lower  California  a  snb-division  of  the  central  province. 
Later  in  the  same  year  (1859)  Le  Conte  stated  that  a  few  species  of 
insects  from  ('ape  8t.  Lucas, ''  though  all  new,  indicate  a  greater  reseni' 
blance  to  the  fauna  of  the  Lower  Colorado  than  to  that  of  maritime 
California;  this  province  may  therefore  be  found  eventually  to  belong 
to  the  interior  district." 

Co<»per  {in  1801)  proposed  the  name  rchttan  for  the  forest  flora  of 
Ijower  California,  and  regarded  it  as  a  sub-division  of  his  Kevadian 
{=CaIifornian)  province.  Grisebach  also,  in  mapping  the  plant  regions 
of  tbe  world  in  1866,  incladed  the  peninsala  in  his  Califomian  region, 
but  afterwards  (in  1872)  transferred  it  to  the  interior  or  prairie  region, 

(Jope,  in  1873,  raised  Jjower  California  to  primary  rank,  basing  his 
action  on  a  study  of  its  reptiles  and  batraehians.  Wallace,  iu  1876. 
pltu:cd  it  in  ibe  central  province  without  subdivision.  Packard, in 
JH83,  followed  Baird  and  Grisebach  in  regarding  tbe  southern  part  of 
••  -  --^ninMula  as  a  sub-division  of  tbe  central  province,  while  the  nortli- 
twiis  assigned  to  the  Pacific  province.  Drude,in  18S4,  divided 
vei'Hcly  in  two  nearly  equal  plant  areas,  placing  tlie  northern 
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hftif  in  liis  "  North  Mexico  and  Texan  district,"  and  the  Boutheni  half 
in  his  tropical  "  Mexican  Dtntriitt."  Hartlaub  an<l  Newtoti,  in  1886, 
plnced  the  entire  peninsula  in  their  Mexican  region,  and  Heilprin,  in 
1887,  in  his  Sonoran  transition  re(;iou. 

The  way  in  which  Lower  California  has  been  regarded  by  different 
writers  is  shown  in  the  following  table:* 


I    Uutiiu 

■  '.  BfTKhann  — 

I  '  HlDds 

i  I  Bercliaiu — 

t  !  Aguali 

0     Woodward  . . 

»     B«ird 

»    Le  Conta  . . . . 


QfbtiiMoilriineKm-lroplcBlrMlin... 

if  hin  Mexicnii  renin!  ("  Jif  quln's  rsBln 
if  bin  CtdiforatainTBion 


liiNevsdliui[=Cit]iranilaD] 


GrlKbwb Aipm-torbloCuliron 

Brown '  Aa  partof  hia  Colonid 

GriHbKb ;  Aapiirtorbitpniirioi 

Copt .1  An  in  Independent  rri 

WmlUce I  AnputofbliiOliron 

Engler Aa  purl  of  hia  Aitw  i 

Pukud Aapart  of  hiaii'Dtral 

Dtude I  AniMrtor  blaUeiiFS 

BaiiUnb dp 

BellpHn I  A»  part  uf  his  Sonnmn 

Meirlun I  Aa  ■  divialon  ot  liU  S< 


FlanU 

Ueplilea   and 

batntchtnna. 


la  haalHfn  divided,  II 


aonlhtiD  «>tr«mll]'- 


Tbe  large  number  of  tropical  forms  of  life  inhabiting  southern  Florida 
early  led  to  its  separation  from  the  rest  of  the  Atlantic  region  by  writers 
on  the  distribntion  of  animals  and  pLintfi.  Jjessoii  (in  1831)  placed  it 
along  with  Mexico  in  bis  soatU  temperate  zone.  Hinds  (in  1S43), 
recognizing  its  Antillean  affinities,  placed  the  southern  extremity  of 
the  peninsula  (suath  of  latitude  27°)  iti  bis  West  India  region. 
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The  extent  to  whicb  southern  Florida  has  been  recogoized  as  fan- 
Dally  aud  florally  distinct  from  the  rest  of  the  United  States  is  shown  i3 
the  following  table: 


LeCoate... 
Baird 

ParWr 

Jordan 

ReicbeDow. 
Brendcl .... 


IFIoHcU  divUlan  or  toutb  trmpenle  tone] . 

[Florida  division  of  WMt  India  ngioD] :  PUnt. 

PeulUBula  or  Flarldi MoUo 

Flaridlan  region !  Fonrt*.. 

Snb-lroplcal  provinea 

(Florida  dJTiaioD  of  Atlantic  regioul 

[Florida  diviiion  of  W«rt  Indian  reglani ... . 

Florida  *iib-r«glan 

Floridlan  rauna 

Floridlan  district 


Florida  region 

Florida  division  or  Antlllean  region) 

Florida  dlvisiun  of  nco-tioplcal  proTlnceJ 

Semi'troplcsl  Torest  of  lilnrlda 

Florida  division  of  A.iitil1eau  region 

ila  division  of  South  American  rcKlonj .. 
Florida  I  Anlillean) 


PlaoU 

Antnwls... 
MoUnaks  . . 

PlaoU 


:Flori 


ilonof  Antllleui  sub-regioDJ.. 


Tlie  fauna  and  flora  of  the  West  Indies  have  been  variously  inter- 
preted by  different  writers,  some  placing  the  region  in  South  America, 
others  in  Mexico,  and  others  still  raising  it  to  independent  rank. 

In  1822,  Schouw,  in  mapping  the  plant  areas  of  the  world,placed  it 
in  bis  "  Jacquin's  realm  or  realm  of  cactuses  and  peppers,"  Subse- 
quently, however  (in  1833),  he  gave  it  independent  primary  rank, 
naming  it  "  Swartz's  realm."  Martins,  in  1837,  was  first  to  bestow  the 
name  "Antilleau  realm"  uiton  this  region,  which  he  regarded  as  a 
rliviitioii  of  nrimary  rank,  comiiri»ing  the  West  Indies  and  adjacent 
I  aud  Central  America.  The  same  arrangement  was 
lecture  on  floral  realms  in  1865. 
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The  way  in  which  the  West  ludies  have  beeu  retjarded  by  different 
writers  IB  shown  in  the  foUowiug  table: 


'     DtCaodolIti  .. 
I  Hutlua 

I  Pontppsr 

1 1  Bcrghaua 

■     Wagner 

.'  Agtmlt 

i  I  Woodwoid  ■ .  ■ 


Am  ui  Inrlependeut  nrgkm , ^ .  -  ^ 

Afl  part  of  hlH  rfolm  of  cacliufls  mud    peppei 

(Ueiican). 
A*  part  or  bin  Amsrican  Intertropical  region  .. 
Aa  part  of  hia  «qiiatorinJ  toDe,,,.-w--w..--''- 

Aa  an  independsDt  realm  ISvarti'a  realm) 

Aa  an  independent  reghm  . . 


im  I  Griaebach  . . 


m  Indep 


Indian  region) . . 


Aa  part  of  bla  north  wh 
Aa  an  independent  reali 

Aa  part  of  his  tropical  provlnoi 

Aa  part  of  hia  tropical  American  pnrlnco 

Aaaanb^irlaionofhlB  Central  American  r*Ki<^i^' 
Aa  an  Independent  prorlnce  ( Antlllwui  proilnoe) . 


lAnlUlen 


Wallace.. 
{  PiMkard . . 


LaanlnilPi>enili>nt  aDb-roiclan  ( ADtllleui  •nb-regloD 

ka  an  iuclBpendeot  pIOTino 

La  part  of  hia  neo-lropical  provlii 


rejcloB)  .. 


Hartlaub .-      Aaan  Independent  rreion  <Autil]oan  region) 

^  Beii^irill 

:  ttclcbfltioir  .. 
I  Uerriam 


■ub-dlTii 


I  of  hia  I 


SORTIIWB8T   COAST   DIVISIOS. 

In  1843,  Hinds,  in  tnaping  the  plant  regii»i»  of  the  world,  proposed 
a  "  nortliwest  American  region  "  for  the  area  west  of  the  Rocky  Mouu- 
taius,  north  of  the  Columbia  River,  and  south  of  latitude  fiS^  north. 
Agassiz,  in  his  paper  on  the  zoiilogk-al  regionsof  the  earth  (1854),  gave 
the  name  "Northwest  Coast  Fauna"  to  esHentially  the  same  area 
(Hhown  on  his  map  as  extending  along  the  Paeific  from  northern  Cali- 
fornia to  the  base  of  the  Unalaskan  Peninsula). 

In  1859,  Le  Conte,  who  based  his  studies  on  Coleoptera,  spoke  of  this 
region  as  the  "  Hyjierborean  province"  of  the  Paciflc  district;  and  the 
eame  year  Cooper,  writing  of  the  forest  regions,  described  it  as  the 
"Canrine  province."  W.  G.  Binuey,  in  1873,  mentioned  it  as  the 
"Oregonian  division"  of  the  Pacific  province;  Engler,  in  ISSli,  as  the 
"Kalo&cben  zone;"  Drude,  in  1884,  as  the  "Columbian  district;" 
Nelson,  in  1887,  as  the  "Sitkan  district;"  Brendel,  in  1887,  af^gdj 
"North  Pacific  proviiice."  *- 
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.V  fpff  bntamsts,  inflneotred  by  the  widely  differpnc  axpeirt^of  natme 
rf'milting  from  tbe  presence  or  abaent-e  of  forest.-*,  tuve  recognized  a 
-  I^TTurie  re^on."  :ts  une  ut'  the  great  doral  <Iiviaioiis  of  ^orth  America 
it  ■vn»  Tirst  [trnpimti  br  PiekwinfT.  iu  1830,  Pii-kerin^  lOBied  it  the 
'-jutusniBiaR  iitm."  ^md  .siVB  its  boaiularie»  ;ut  the  UL-tassippi  on tke 
-tiHF.aii  tm  .S.n-kv  ^Ionntaina  on  the  west.  Hinds  •tewnbed  it,  in 
i'^L'  H  '-  4wtiiiu;  TSiiC  Ltit;I»»ed  by  the  vaA  fi»r«48  of  Xortii 
.^.uinii;^.'  la- '.umtHi  c  hit  —  L^rairie  region.' ^uul  ^umI  it  est«nded 
"tnmi  ^itur:  .  mmteH  .mios  nt  rhe weaC  iKutk  of  viut  Mississippi  to 
tlH'  UockA  Mitnm.iira.  .BpfEtiiiiu:  lorth  TO  ~ti'  QoTtti  '.nzismdej  and  again 
only  iKnmdtxi  <u.'  tiit*t  aocL.  vhe  noodcd  '■oaiitrv<ii''dhe  Texas  and  the 
M^'sicaii  Beu.^ 

i  iHi)ter.  ill  his  papei  m.  Cb<  dienttntn  a  lont-Ka.  in  1859),  named 
'■'  Thf  C4uni)estriaii  provn»fc.  tnra  Tcou^uzci  i^'  JBvwn  in  1870,  bj 
!\¥-T*.r  ill  1ST4.  and  ity  Euirlei  n  1*,. 

EEC  AI'IT  1 ' ;  ■  .'■  TIOK. 

■■■  >\  «»>■«  ;""  *5  a  numbeT  of  2<MiloJrlfiT^  sue  '>ciai!!i*.  basing  their 

,.-..   i>^^,  -■  v\■^v^^irtVn'lltg^oaps,aMda^a  rcie  ir^Ktcant  of  thewritinga 

.1,  :    -.«-i.\v'i*^M-s>  have  agreed  in  tbe  main  ia  Jbe  i«x^nition  of  at 

,.-...   !■«    tvs,t  ,>)o\tra-ti-opicaISonhirjertc*.Bainely:  (1)  An 

^  1    •'  '■  o  limit  of  tree  growth;  p   a  b(««altrans-con- 

'.   ^  ■ ,  '<>",■  .^  ojitiit  ('t)  au  Atlantic  flr  Eastern  wooded 
.-.,!,,   vvv  ",i  ,v,ii«  thp  Admitic  to  1^  Great  Plains;  (4) 

■ ■'    '      ■  "    ii"H'I(iti({  (Wim  the  plitin>  to  the  Siem 

'  '   '     '  '■    \''  'i'i'>ntiJ|  i^n  n   I'luiliu  or  California  division, 

>i.     -.    <  li.  LM...U  ilniiiiio)  lm*.!Of  tbe  Sierra  and  the  Pacific 

"     ■■      '■'    >    '    "I 'I'l'i'"'"!' AuBti.»rii*arian  division,  <-„inprising  the 

.,ii,   \ii  ,,in.  .ui^^  I  Mill'  ttUites  w*uth  rflatir-nde  S(-' :  ,7^  a  Sonoran 

■I "l'iii'« ''i':liit{iitabIe-LiiidofMt;iiwiaiidfitretcJungnOTtti- 

Im  iIi.v  ii.U'iior  tar  euou-L  t^iutlndetlje  sontiwn  parte  of 
■  '  v.nlii,  Aiuifii;!,  New  Meiioo.  and  Teias. 
iiliiiiiL  ii:tt-tt:ui-jt  tu  the  above  juTnripa]  divisions,  it  has 
ly  ll.i:  lumOMi  of  yAjiiJotr'mtn.  particularly  omiUjologists, to 
In:  iNinlj:jo  CiiiUs-I  Kiat*B  and  Canada  into  several  minor 
iiiii«,"as(idlowH:  la)  Floridian;  lb)  Lonisianian:  [*■)  Caro- 
lll.:(fliai<iaii;  (<-)  Oaiiadiau;  (/)  Hnds..nian:  and  (.^i  Ar«ti& 
i:  Caijadiaii  and  lliidwnian  form  a  part  of  the  ••Boreal" 
:  Jiji-ntiojii'd,  and  tbe  Horidian  and  Lonisiaaian  togrtber 
"  Aiiis(.mrij»arta»''diviKioij,  lea vingonlytbe Carolinian aod 
l'*r  r(ii;«oi:alK'jl  "Kaistern  pionnee"  to  reston.  Tbetne 
l|(i;w:  /i»ii»!a  will  i»e  explained  later. 

L:,y,l,.euL,,G00J^Ic 
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LIFE  REGIONS  AND  ZONES  OF  NOBTH   AMERICA 

In  a  communication  I  had  tlie  honor  to  lay  before  this  society  two 
years  ago  (December  4, 1889),*  I  Btated  that  the  Hudsouian  and  Cana- 
dian zoneH  of  the  Eaat  belong  to  the  Boreal  region,  and  extend  com- 
pletely across  the  continent,  and  that  the  desert  areas  of  the  West 
belong  to  the  Southern  or  Sonoran  region.  The  piue  plateau  (Pinm 
pttnderosa)  of  Arizona  and  other  parts  of  the  West  was  "shown  to 
consist  of  a  mixture  of  Boreal  and  Sononin  tyjics.  -  -  -  In  other 
words,  it  is  neutral  territory"  {Xorth  AmericoH  FauTia,  No.  3,  Sep- 
tember, 189(>,  p.  2Q).  I  remarked  further  that  the  Oarolinian  fauna 
"  is  suffused  with  southern  forms,  niid  the  Alleghaniau  seems  to  be 
ueatral  ground"{iAtrf.,  p.l8},  thus  implying  that  the  "neutral"  or  pine- 
plateau  zone  of  Arizona  is  the  western  equivalent  of  the  "Allegbanian 
Fauna"  of  the  East. 

In  a  subsequent  publication  (North  American  Fauna,  No.  5,  August, 
1891)  I  went  a  step  further,  defluing  the  treeless  parts  of  the  "Neutral 
or  Transition  zone,"  and  characterizing  an  "  I7pper  Sonoran  zone,"  as 
dietinguisLed  from  the  Ijower  or  True  Sonoran ;  but  nothing  was  said 
as  to  the  relations  of  these  zones  with  those  long  recognized  in  the  East. 
The  time  has  now  arrived,  however,  when  it  is  possible  to  correlate 
the  Souonm  zones  of  the  West  with  corresponding  zones  in  the  East, 
Iks  was  done  two  years  ago  in  the  case  of  the  Boreal  zones,  and  as  was 
intimated  in  the  case  of  the  Neutral  or  Transition  zone.  It  can  now 
be  asserted  with  some  confidence  not  only  that  the  Transition  zone  of 
tbeWest  is  the  equivalent  of  the  AUeghanian  of  the  East,  but  iUso 
that  the  Upper  Sonoran  in  the  equivalent  of  the  Carolinian,  and  the 
Lower  Sonoran  of  the  Austro-riparian,  and  that  each  can  be  traced 
completely  across  the  continent.  Thus,  all  the  mi^or  and  minor  zones 
that  have  been  established  in  the  Eastare  found  to  be  uninterruptedly 
continuous  with  corresponding  zones  in  the  West,  though  their  courHes 
are  often  tortuous,  following  the  lines  of  equal  tem^wrature  during  the 
Heaaonof  reproduction,  which  lines  coofonn  in  a  general  way  to  the 
contours  of  altitude,  rising  with  increased  baKe-Ievel  and  falling  with 
iocreased  latitude. 

The  Boreal  region  extentls  obliquely  across  the  entire  contineut 
from  New  England  and  Newfoundland  to  Alaska  and  British  Columbia, 
and  from  about  latitude  45°  north  to  the  Polar  Sea,  conforming  in  gen- 
eral direction  to  the  trend  of  the  northern  shores  of  the  continent.  It 
recedes  to  about  latitude  54^  on  the  plains  of  the  Saskatchewan,  and 
gives  off  three  long  arms  or  chains  of  islands,  which  reach  far  south 
along  the  three  great  mountain  systems  of  the  TJoited  States — an 
easttm  arm  in  the  Alleghanies,  a  central  arm  in  the  HiMjky  Mountains, 

'Siiire  piibliibeil  in  my  report  on  the  "Ki-stilUnf  »  HioloKinal  finrvey  of  tlie  San 
Ptucuco  HoDDtaiii  region  in  Arizona,''  -V.  Jm.  Fauna, No. 3,  Sqitvmber  11,  It^. 

L.,j„.„.,;vGOOJ^IC 


Lat-ai. 

Zapue. 

Gnlo. 

ErethiELD. 

MunMa. 

Lagomys. 

NenrntrirhnWIl 

Thalarotos. 

CoDd.vlura. 
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and  a  Tcestem  arm  in  tbe  Cascades  and  Sierra  Ifevada.  Tlie  latter  at 
its  northern  base  occnpies  the  eutire  breadth  uf  tbe  Pacific  CobbI 
region  from  tbe  eastern  elope  of  tbo  laoiiutaiiis  to  the  sea,  but  in  pass- 
ing southward  bifarcates,  the  main  fork  following  the  lofty  Cascade 
and  Sierra  ranges  t«  abont  latitude  36°:  the  other  following  tbe  coaitt, 
gradually  losing  its  distinctive  characters  and  becoming  invaded  with 
SoDoruD  forms  antil  it  disappears  a  little  north  of  San  Franciiico. 

The  following  genera  of  mammals  belong  esclaslvely  to  the  Boreal 
region,  none  of  them  ranging  south  beyond  the  Transition  xoue: 

Cervu».  A"stomy8. 

Ruigirar.  Apludotitia. 

Alee.  Evotomj*. 

Motama.  Phenacumfs. 

OvlboB.  Hyodes. 

In  addition  to  the  above,  the  following  genera  are  clearly  of  Bored 
origin,  although  reaching  and  in  some  cases  penetrating  parts  uftfae 
Souoran  region: 

Ovio.  CoaUir.  Vnlpes.  PuU>rinB. 

Uison. '  Arvicola.  Unius.  Sorox. 

TamsiB.  Fib«r.  I.iitreola. 

Besides  the  genera  here  enumerated,  the  following  subgenera  belong 
to  the  Boreal  region:  Tamianciurua  (containing  the  red  or  spmce 
squirrels),  jtfyKowf 8  and  OA(7o(h8(  field-mice  or  voles,  of  which  Jfynoiw 
reaches  south  a  little  beyond  theTransitionzoue),  Tmnonm  (thebashj- 
tAited  wood-rats),  and  Xeomrex  and  Atophgrax  (subgenera  of  shrews). 

The  Boreal  region  is  made  up  of  two  priuci|)al  ili\')sions,  both  circom- 
polar:  (I)  An  Arctic  division,  above  the  limit  of  tree  growth;  and  (2) 
a  Boreal  Coniferous  Forest  division. 

(Found  Blrave  th«  limit  of  trvre  and  al)  rircnm -polar.) 
A.  Kjelmtirrlf  Arriir, 

Eakimo Htmo. 

PularhMr Tlialamot  mmrilimut. 

BarrpD  icround  b«ar r'mu  nrft«nf«oiii. 

Mnak  ox rhito*  mu»r*itlu*. 

B»m>n  fcraanil  rari)>«o Ra»fi/rr  gmlamdUui. 

Arrtir  Im Vwlfr*  lofopii. 

AiTlip  haw Lepai  fUcialu. 

iMnniiu)! MfdnakemiU. 

l.MnBins Vauiewimt  lorqaalmt. 

Arrtlr  rrrl-hackt^  nuniv /.'rs(M*a(  ntif a*. 

pMr\'»»p«.tiuophilp Spn^^iUi  emprtra. 

>TWft«Aal  piAitiiiM  nf  tb..  i-rona  A^»a  i*  b.4  f»  CM-Iaia  ■•  id  Uwcaaeofth* 
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* 
B.   CcmiKO*  lo  Arctic  and  HudnoHian. 

Wolverine Gulo  JtMcut. 

Ony  wolf Catiit  griievi. 

Ermine Piitvrivi  ermiaM. 

The  Boreal  Goniferoas  Forest  division  may  be  subdivided  into  at 
leaattwo  trans-coiitiDeiital  zones:  (a)  Hndiwniaii  and  (b)  Canadian; 
and  ft  third  or  "Timber-line  zone"  maybe  dilTerentiated  from  the  Hnd- 
sooiau  proper.  In  speaking  of  the  divisions  of  the  Boreal  region  on 
high  monntains  it  is  customary  to  add  tlie  word  alpine  to  tlie  name  of 
tbe  division;  thus,  Arctie-aipine,  Hudsoniaii-alpino^  and  so  on. 


(Tb«  letter  a  iDdlute*  IliM  tb«  gpeclM  Is  km 

mn  only  fnni 

n.».nl^i...orl.li.u.>1pin»i 

C«naa  csDadenaU. 

Aplodontia  innjor  (a). 

Ruipfer  cariboo. 

nifa. 

Sitomys 

americanuH  arcticna. 

Maimma  montana. 

Oris  MDadeneia. 

I  cincrea  dniDimoudi. 

dalli. 

Phenacomys  borealie. 

Sciuropterus  vol  an  r  Mbrinus. 

celatna. 

interim-dius. 

mogoUoDenHis  (a). 

lati  manna. 

hndsoiiicnR. 

lonKicaurlaa. 

calironiiciu(a). 
vancoiivereiiBii. 

..r..philUB  (a). 

Erotoui: 

fH  califoraicus. 

doaglawi. 

TMDiaa  cinereicollln  (a). 

obBcorna  (o). 

Evotoi-i; 

yn  idaUocnsia. 
dawBoui. 

galoi  (a). 

nmliriDua  (a). 

gftliperi. 

qnadrivittatiis  (a). 

brevicandue. 

amisuiis  (a). 

Arviouhi 

.  olticoliis  (a). 

luteiv«titria(a). 

borwilie. 

nauns  (a). 

nenlMtn*. 

oregunnB. 

SpenDophiluB  lateralis. 

moTtlax. 

caatnnuriia  (o). 

tongicauduB. 

chrysodeiniB  ,o). 

townn8Ddi. 

cinerecceni. 

luaeropiiB. 

anoatai  (a). 

):aiithoKniithu8. 

beWinKi  <o). 

Myodes 

oboiiBis. 

otniietrB. 

C'liDiciili 

iiatorqtmtua. 

kodiaceDBiB. 

Zapua  h 

colnDibiuDns. 

Eretliim 

m  donotiiB. 

Arctomys  caligatua  {«). 

epiiaotbua. 

dacoU  (0). 

Laiininy 

8princ.-pB(fl). 

Bi-histicepa  (a). 

..Google 
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TUE  BOKGAL  7.0SV.. — ContiDiie<l. 

Sorex  inonti coins  (a). 

richtirdeoiii. 

sphagnicoluB. 
Buckleji. 
trow  bridge! . 
■vagnuiB. 

HI  in  i  lis  (d). 
albiUnrbia. 

hodrodromus. 
Condylnra  rrjstata. 
Veepenigo  noctivHgaDH. 
Atalapha  cinerea. 


bairdii  (a). 
vrashiiiKtonl. 
Lynx  canadenais. 

horribilia. 
Putorins  oulbertsoni. 

longicauda. 
Mustela  a 


pennantt. 
Sores  belli. 

dobsnni  (a). 


The  Sonoran  region  as  a  whole  stretches  across  the  continent  fWim 
Atlantic  to  Pacifle,  covering  nearly  the  whole  country  south  of  latitude 
43°  and  reaching  northward  on  the  Great  Plains  and  Great  Basin  to 
about  latitude  48°.  It  is  invaded  fiom  the  north  by  three  principal 
intrusions  of  boreal  forms  along  the  three  great  mountain  systems 
already  mentioned;  while  to  the  southward  it  occupies  the  great  inte- 
rior basin  of  Mexico  and  extends  into  the  tropics  along  the  highlands 
of  the  interior.  It  covers  also  the  peninsula  of  Lower  California,  the 
southern  part  of  which  seems  entitled  to  rank  as  an  independent  snb- 
di  vision. 

The  following  genera  belong  exclusively  to  the  Sonoran  region  (as 
distinguished  from  the  boreal),  none  of  them  ranging  north  beyond  the 
transition  zone.  Those  preceded  by  the  letter  T  are  intrusions  from  the 
tropical  region. 


Geomys. 

BoesarisiuB. 

Euderma.  ' 

rXntuflin. 

Dipoilomyx. 

T-Nnsna. 

ADtroEOns. 

rDifotylcs. 

Perodipus," 

NycticejiiB. 

KeithrodontODiys 

MWrudipodope. 

Spilogalc. 

Oiiychoraya, 

PeroftDnthuH. 

rNyctinomn.. 

Or.viomys. 

Heterorays. 

.Sialope. 

rOtopteniB. 

ai....,^^^ 

Urwj-on. 

CorjnorhinuB. 

^ric  uKnie  Perodip¥e  was  pro|H>8od  id  1867  bf  FitEioget  tnr  tbe  ^toti 
to  ISiliHugfbtr,  math.  nal.  Cl&nae.K.  Akad.  Wiu.  ITiVm,  1867,  Lvi.  p.  126), 
liujt  by  tivpnly- three  yftars  the  name  IHpodop*  propiwed  by  the  tniler 
1  type  in  1890  (.Vorf A  Am.  /"nNitn.  Xo.  3,  t^eptembet.  1X90.  p.  72).  Bolli 
■a  wer^  ba.Hed  im  /H/mdanyn  agitii  of  (iambel.  from  Loh  Angles.  Cal. 
ric  uani«  KnlkntHotitomift  iviis  proiM)se<l  by  GiRlioli  in  1873  (Riclfntt 
DiHrih»ziotit  Geagrafica  GeneraU,  Room,  1873,  p.   160),  and  ante-daUa 
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lu  atlditiou  U>  the  iib<>\-e,  the  titllowjuj;  (,'euerii ueetu  tube  of  Souoraa 
or  mistral  origin,  although  re^ohiog  aud  in  some  cases  penetrating  a 
cuimiderable  distance  into  the  boreal  region: 


CariHCns. 

Neutiima. 

HophitiH. 

Blarina, 

Antilocapra. 

lliomoinyH. 

rFeliH. 

AUlapha. 

C.™o...r». 

T  Prwyon. 

hynx. 

Vosperufio 

Kiliiuijc- 

Taxidfla. 

Scapana«. 

Vespertiliit 

The  geoera  Sittrmyg,  Mephitis,  hynx,  Atalapha,  Vesperugo,  and  Vet- 
pertilio  range  well  north  in  the  Boreal  zone,  where  each  is  represented 
by  a  single  species.  In  the  Sonoran  zone,  on  the  other  hand,  these 
same  genera  reach  their  muximum  development  and  are  represented  by 
DiiDierous  species. 

Besides  the  genera  above  enamerated,  a  number  of  sab-genera  belong 
Ui  the  Sonoran  region.  Among  these  are  Neogdurut  and  Farasciurug 
(Hnbgeuera  of  Sciurue),  Xerospermophilus,i  Ammo)ipermophilus,X  aud 
letidomys  (subgenera of  Spermophilun), Pitymya,  Pedomyn,  and  Neofiher 
(snh-genera  of  Arvii^la),  and  CluBtodipus  (a  sub-genus  of  Perognatkus, 
which  is  almost  entitled  to  rank  as  a  full  genus). 

The  Sonoran  region  may  be  divided  by  temperature  into  two  princi- 
pal trans-continental  zones,  (a)  Upper  Sonoran,  and  (b)  Lower  Sonoran;  § 
aod  each  of  these  in  turn  may  be  sub-divided  into  arid  and  humid 
divisions. 

The  gray  fox,  Crocyon,  ranges  over  both  Upi>er  and  Lower  Sonoran 
from  Atlantic  to  Pacific;  and  pocket  gophers  of  the  genus  Oeotnys 
inhabit  both  these  divisions  on  the  Great  Plains  and  in  the  Mississippi ' 
Valley,  and  range  east  to  the  Atlantic  in  the  Austro-riparian  zone. 

Both  divisions  of  the  Lower  Sonoran  are  inhabited  by  the  trans-coo- 
tioental  genera  Eeitkrodontomys,  Sigmodon,  Corynorhinwi,  Xyctinomua, 
OUypterua,  Neotoma,  and  Spilogate,  though  in  the  west  the  two  last  men- 
tioned range  through  the  Upper  Sonoran  also. 

The  humid  Lower  Sonoran  or  Austro-riparian  is  a  division  of  much 
importance.  It  begins  on  the  Atlantic  seaboard  at  the  mouth  of  Glies- 
Bpeake  Bay  and  stretches  thence  southwesterly,  embracing  the  alluvial 
lands  of  the  South  Atlantic  and  Gulf  States  below  what  geologists 

' The  genetic  name  Hetperomga  being  untenable,  Atlen  has  leieutly  aubatitiitad 
for  il  the  nanin  rcsperimu*  ptoposeil  by  CoueH  as  a  Bubgeniis  in  1874  (Hull.  Am,  Hut, 
Sal.  nui.,  June,  1894,  III.  No.  2,  j.p.  291-297).  Veitpennui  in  ante-dated  by  ,«(owj» 
of  Kilziugi-T,  proposed  in  1867,  and  liaHed  on  Gaiiiier'a  Cricetui  myoiSct  fVoiu  Lalce 
Simcoe,  OntaTin,CaaaAa  (SilsanggbFr.  math.  mat.  Claioe,  K.  Akad.  ITim.  ITifn.  1867, 
Lvi,  p.£r7).  Gap|>er'M  Cri»lu«  myoidetie  tbe  coinnion  wUite-fuoted  iiiouBe  of  nontberD 
'Intsrio  and  iioTtbern  New  York,  whirb  therefore  bei'ouiea  the  type  of  the  genua. 

I  XrriHiprrmophilH»,  sub-gen.  nuv.,  proposed  for  fipermopliiluii  ntoAarcnii*  (type)  and 
tlie  allied  a|>e<?ii'ii  of  the  S.  ipilotoma  gruii]i. 

i  AiinaipKrmophiJiu,  siilt-^ii.  nov.,  propuned  for  Siiermvphilai  leucHrat  (type)  aud 
alliwi  sjiecies. 

4The  great  Luwer  Sonoran  Zone  may  be  split  leiigtbn-ise  (iii  an  eaat  and  ^fW^I.. 
'liwctiou)  into  two  beltx  which  have  not  yet  been  tboToni;bly  dilTerentiated.      "       O 
H.  Mis.  331,  pt.  1 lis 
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kDOW  as  tbe  "  fall  line,"  rising  in  the  Mississippi  bottom  as  £ar  as  tb« 
JQDCtiou  of  the  Ohio  with  the  Mississippi,  and  following  the  formw  in 
a  narrow  strip  to  the  point  where  it  receives  the  Wabash.  Ou  the  west 
side  of  tbe  Mississippi  it  crosses  Arkansas,  reaches  southern  Uissoon 
and  soatheastern  Kansas,  and  spreads  out  over  Indian  and  Oklahocui 
Territories  and  Texas,  where  it  loses  its  moisture  and  merges  insensibly 
into  the  arid  Sonoran.  Oryzotays  aud  XyctioQus  are  distinctive  Aos- 
troriparian  genera.  Six  other  genera  (Neotoma,  Beithrodonlomift, 
GeomySy  ^ilogale,  Nyctinomus,  and  Corynovhinus),  whicff  in  the  region 
east  of  the  Mississippi  seem  to  be  restricted  to  this  division,  have  a 
more  extended  range  in  the  west.  The  cotton  rat  {Signiodan),  another 
characteristic  A ustrb-riparian  genus,  has  a  very  limited  range  in  the 
arid  Sonoran. 

The  arid  Lower  Sonoran  extends  westerly  from  the  hnmid  Sonorui 
to  the  Pacific,  covering  southorn  New  Mexico  and  Arizona  south  of  the 
plateaa  rim  (sending  a  tongue  up  the  Kio  Grande  to  a  point  above  Alba- 
qnerque),  the  west  side  of  which  it  follows  northerly  to  the  extreme 
northwestern  comer  of  Arizona  and  the  southwestern  corner  of  Utah 
(where  it  is  restricted  to  the  valley  of  the  lower  Santa  Clara,  or  St  i 
George  Valley),  and  thencewesterlyai'ross  Nevada,  reaching  nortiherl; 
to  Pahranagat,  Oasis,  and  Owens  valleys,  and  thence  curving  soath- 
westeriy,  following  the  eastern  base  of  the  Sierra  Nevada,  Teliachapi, 
and  T^on  Mountains,  and  covers  the  whole  of  the  Mobave  and  Colo-  . 
rado  deserts  and  all  the  rest  of  southern  California  except  the  mooo-  i 
tains.  It  sends  an  arm  southward  over  most  of  the  peninHula  of  Lower 
California,  and  another  northward  covering  the  San  Joaquin  and  Sac- 
ramento valleys.  The  distinctive  mammals  of  the  arid  Jjower  SoDorao 
are  kangaroo  rats  of  the  genus  Dipodomys,  pocket-mice  of  the  sub-gemu 
Ch(etodipue,  and  spermophtles  of  the  sub-genera  Xerotpermophilut  and 
A  m  motpermoph  Uus. 

The  peninsula  of  Lower  California  is  a  snb-division  of  the  arid  Lower 
Sonoran  zone.  Not  a  single  genus  of  land  mammal  or  bird  is  restricted 
to  it  and  bnt  two  peculiar  8]>eeies  of  mammals  have  been  described. 
The  peculiar  birds  are  more  numerous,  but  with  few  exceptions  ore 
only  snb-speciflcally  separable  from  those  of  neighboring  parts  of  tbe 
United  States  and  Mexico.  They  may  be  classed  in  two  categories: 
(I)  mountain  forms  derived  from  the  North  (of  Boreal  or  Transition 
origin);  and  <2)  lowland  forms  derived  from  the  contiguous  plains  (of 
Sonoran,  or  in  one  instance,  sub-tropical  origin).  As  would  be  ex- 
pected fix>m  the  character  of  the  country,  the  great  majority  are  sab- 
species  of  well  known  Sonoran  forms,  with  the  addition  of  a  small  qoiq- 
ber  of  peculiar  species  belonging  to  Simoran  genera.  But  a  single  sob- 
tropical  bird  is  known,  namely,  Dendroica  bryanti  eaataneieept,  aud  it 
is  restricted  to  the  mangrove  lagoons. 

The  presence  of  this  sub-tropical  bird  in  the  narrow  coast  lagoous  is 
ilete  accord  with  the  vegetation  of  the  coast  strip,  which,  as  Mr. 
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T.  S.  Brandegee  tells  ub,  is  subtropical.*  This  iDdicatea  the  presence 
of  ft  narrow  coast  belt  similar  to  that  of  southern  Florida,  but  of  leas 
extent.  It  is  possible  that  Basilinna  xantugi  is  sub-tropical  rather  than 
Sonoran,  but  the  details  of  distribution  of  the  genus  are  not  well 
known. 

Among  reptiles,  about  "i'i  peculiitr  species  of  snakes  and  lizards  are 
believed  to  be  restrict«d  to  the  i)cninsula,  but  no  peculiar  genus  is 
knovn.  Three  of  the  genera  are  tropical,  and  nine  are  arid  Lower 
3onoran. 

In  addition  to  the  peculiar  species  and  snb-si>ecies  of  the  i>eninsula, 
many  characteristic  arid  Lower  Souoraii  forms  of  mammals,  birds,  rep- 
tiles, insects,  and  plants  abound.  Among  the  latter  maybe  mentioned 
the  highly  distinctive  Sonorau  desert  brush,  Larrea  mexicana  and 
Krameria  parri/olta. 

Cope  includes  the  whole  i>euiuHula  in  his  Lower  California  region, 
but  other  writers  restrict  the  peculiar  fauna  and  flora  to  the  end  of 
the  peninsula  south  of  the  north  foot  of  the  mountains  between  La  Paz 
and  Todos  Santos.  Bryant  states:  "There  is  no  more  sharply  defloed 
fannal  and  floral  area  that  occurs  to  me  now,  excepting  that  of  islands, 
than  is  embraced  in  the  region  above  deflned,"  t  but  he  omits  to  name 
the  forms  by  which  it  is  characterized.  It  is  evident  however  that 
the  pecnliar  fauna  of  the  peninsula  of  Lower  California  entitles  it  to 
rank  as  a  minor  sub-division  of  the  Lower  Souoran  zone.  It  is  in  effect 
an  insular  fauna  of  recent  origin,  bearing  the  same  relation  to  that  of 
the  mainland  as  do  several  of  the  adjacent  islands. 

The  humid  division  of  the  Ux>per  Sonorau  comprises  the  area  in  the 
eastern  United  States  commonly  known  as  the  Carolinian  fauna.  The 
opossum  {Didelphis)  here  finds  its  northern  limit,  as  do  the  so-called 
pine-mouse  (sub-genus  Pitymyg)  and  the  (Icorgian  bat  {Vetperugo  geor- 
panv»).  Before  reaching  the  one  hundredth  meridian  this  area  grad- 
ually loses  its  moisture  and  spreads  out  over  the  Great  Plains  as  the 
arid  or  true  Upper  Sonorau,  reaching  an  altitude  of  about  4,000  feet 
along  the  east  foot  of  the  Rocky  Mountains  in  the  latitude  of  Colorado, 
and  sending  a  tongue  northward  along  the  Missouri  obliquely  through 
North  Dakota  and  into  eastern  Montana.  Another  sub-division  of  the 
arid  Upper  Souoran  occuiiies  the  greater  yua't  of  the  Great  Basin 
between  the  Rocky  Mountains  and  the  High  Sierra,  reaching  northerly 
from  the  upper  border  of  the  Lower  Sonoran  to  and  including  the  plains 
of  the  Columbia  and  Snake  ri\ers.  Another  part  of  noteworthy 
extent  is  a  narrow  belt  encircling  the  interior  basin  of  California — the 
v^ley  of  the  Sacramento  and  San  Joaquin  rivers — and  a  branch  of  the 
same  along  the  coast  between  Monterey  and  the  Santa  Barbara  plain. 

*  Brandegee,  Pntc.  Calif.  Acad,  .tci.,  1891. 2<l  Bor.,  ill.  110. 

I  Walter  E.BryiHitiuZtH,  Oct.,  1K91,  ii,  No.  3,  IHU.  See  also  his  Important  "Catft- 
logne  of  the  Birds  of  Lower  Califoroia,"  I'roc.  Calif.  Acad.  Sci.,  18S9,  2d  wr.,  ii,  297- 
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The  following  genera  of  maiDmalB  find  tbeir  northern  limit  ia  tbe  arid 
Upper  Sonoran  zone :  Perodipus,  Mierodipodops,  Perognothia,  Onycho- 
mys,  Spilogale^  Urocyon,  Bassariecus,  and  Antrozous. 

Interposed  between  tUo  Boreal  and  Sonorau  regions  tbronghout  their 
numerona  tv-indings  and  interdigitatioiis,  is  the  Central  or  Transition 
zone.  Tbe  liiimid  division  of  tliis  zone,  known  as  the  Alleghanian 
fanna,*  covers  the  greater  part  of  Kew  England  (except  Maine  and 
the  moantains  of  Vermont  and  New  Hampshire)  and  extends  westerly 
over  the  greater  part  of  New  York,  southern  Ontario,  and  Pennsyl- 
vania, and  sends  an  arm  sonth  along  tbe  Allcgbanies  all  the  way  across 
the  Virginias,  Carolinas,  and  eastern  Tennessee,  to  nortbem  Georgia 
and  Alabama.  In  the  Great  Lake  region  this  zone  continues  westerly 
across  southei-n  Michigan  and  Wisconsin,  and  then  curves  northward 
over  the  prairie  region  of  Minnesota,  covering  the  greater  parts  of 
Nortb  Dakota,  Manitoba,  and  tbo  plains  of  the  Saskatchewan;  thence 
bending  abruptly  sontb,  it  crosses  eastern  Montana  and  Wyoming, 
inclading  parts  of  western  South  Dakota  and  Nebraska,  and  forms  a 
belt  along  the  eastern  base  of  tbe  Bocky  Mountains  in  Colorado  and 
northern  New  Mexico,  here  as  elsewhere  occupying  the  interval  between 
the  Upper  Sonorau  and  boreal  zones. 

In  Wyoming  the  transition  zone  passes  broadly  over  the  well-known 
low  divide  of  tbe  Bocky  Mountains,  which  aflbrds  the  roate  of  the 
Union  Pacific  Railway,  and  is  directly  continuous  with  the  same  zone 
in  parts  of  Colorado,  Utah,  and  Idaho,  skirting  the  boreal  boundaries 
of  tbe  Great  Basin  all  the  way  around  the  plains  of  the  Colnmbia, 
sending  an  arm  northward  over  the  dry  interior  of  British  Columbia, 
descending  along  tbe  eastern  base  of  tbe  Cascade  Range  and  the  High 
Sierra  to  the  southern  extremity  of  tbe  latter,  and  occupying  the  sum. 
mits  of  tbe  coast  ranges  in  California  and  of  many  of  tbe  desert  ranges 
of  the  Great  Basin. 

The  transition  zone,  as  its  name  indicates,  is  a  zone  of  overlapping 
of  boreal  and  Sonoran  types.  Many  boreal  genera  and  species  here 
reach  tbe  extreme  southern  limits  of  their  distribution,  and  many 
Sonoran  genera  and  species  tbeir  northern  limits.  But  a  single  mam- 
malian genus  (Synaptomya)  is  restricted  to  the  transition  zone,  and 
future  research  may  show  it  to  inhabit  the  boreal  region  also. 

•  Prof.  Louia  AgaHsiz,  in  IiLh  highly  iiiiportuuC  work  cm  I.uke  Superior,  clearly  iw 
ugnizcd  the  tiniiHition  nature  of  tbiH  zone,  fur  ho  auys:  "  The  Stuteuf  MaxaachiiselK 
with  itfl  Ions  *fi  sti«tnhe<i  into  the  ocean  eaatn-anl,  or  rather  the  region  ext*-Ddir)! 
weHtward  undiT  tho  Hniue  parallel  tlirougti  the  State  of  New  York,  fonua  »  natural 
limit  belween  the  vegetntiou  of  the  waru  tamiierate  zone  and  that  of  the  cold  Um- 
perate  zone.  -  -  -  Nut  only  is  this  also  tbe  northern  limit  of  the  culture  of  fruit 
tret's,  but  this  zone  iit  equally  remarkable  for  the  great  variety  of  elegant  shrub* 
vbicb  occur  particularly  on  itn  northern  Ixinlers,  where  we  find  ho  great  a  variety 
of  speciea  belonging  to  tbe  genera  CelastruH,  Cratn-giin,  liibes,  Corntis,  Hainiuufliti, 
Varciuium,  Kalniix.  lihodora.  A/nlea.  Kliododendrou,  Andromeda,  Cletlirn.  Vibur- 
nam,  Cepbalanthaa,  I'rinus,  Dircn,  CeltiH,  etc."    ( Liikt  SHperior,  1850. 182-183.) 
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Tlie  following  boreal  genera  of  mammals  disappear  in  tlie  transition 

zone: 


T.mia8.* 

Zapaa. 

Vulpw.- 

UtBua.' 

Fiber,  t 

Eretbizon. 

CervuB. 

Neurotrichns. 

EvutoiufB. 

Arctouiyg. 

Ovii." 

Conilylora. 

The  following  Sonoran  genera  of  mammals  disappear  in  the  transi- 
tion Kone: 


GeomfB. 

Urocyon.t 

CyDomj-«. 

ThomomyB.* 

BossariscuB.! 

Scalops. 

Spilogale.) 

A»  already  stated,  the  only  mammalian  genus  apparently  restricted 
to  the  transition  zone  is  SynapUnnya,  a  lemming  mouse.  A  number  of 
species  however  seem  to  be  nearly  or  qaite  confined  to  this  zone. 
Among  these  are  the  following: 

Bcinrna  aberti.  Bpennophilas  spilofloma  pratenaia. 
foBaoT.n  grammuTiis. 

caroliDensia  leucotis.  townaendi-fl 

Tamias  merriaiul.  Cynorajtt  lencnrns. 

miniiuos.  Sltomys  aebruacenais. 

pictns.  boylii. 

Striatum.  michiganeaeiB. 

Sp«nnophilus  elegaua.  Arvicola  mogollonenais. 
ricliardsoni.  ansteraa  raioor. 

obsoletns.  curtatna. 

Arricola  pallidas.  Perogoathna  faaciatua. 
HyDaptomys  cooperl.  iilivaceoas. 

Lepiie  americaniie  virginianna.  Patoriua  nigripea.H 

caoipeatria.  Vulpes  velox. 

iilaho«Daia.|  Scapamia  aniericaniM. 

eylvaticna  nattalli.H  Vdapertilio  lueUoorhinaa. 

Local  elevations  of  the  land  in  the  Sonoran  region  are  capped  with 
isolated  ]mtches  of  trnnsition  or  boreal  species,  according  to  the  tem- 
perature to  which  their  summits  attain ;  and  if  the  elevation  is  snfficient 
to  secure  a  boreal  fauna  and  flora,  the  latter  is  always  separated  from 

'  Except  one  apeciea,  which  inhubita  a  limited  part  of  the  Sonoraa  regiun. 

t  FibtT  raDgca  south  beyonil  the  nornial  limit  of  tho  traoBitioD  zone,  bat  it  doea  ao 
^ong  tlie  liauka  of  cool  atruaius  that  give  it  a  luucb  lowur  temperature  tban  that  uf 
the  HinToiindiug  atmosphere.  It  is  |inibable  that  both  Fiber  uud  Castor  ahould  he 
clasaed  with  aqnatic  speciea,  the  limits  of  their  distribntion  degieiidiug  ou  the  tern- 
peratnre  of  the  water.  The  same  is  true  in  a  IcaH  degree  of  the  piihidal  Bub-geiier;i 
iieotoTvx  and  AlopKgrax  {of  Sortx)  aod  of  the  aemi'amphibioiiH  meui>>erH  of  the  sub- 
geUDB  ifynoniu  (ot  Jrricota). 

i  Tlieae  geuera  barely  euter  tho  traiinitiou  zoue  at  nil  except  iu  a  very  soiall  area 
in  the  far  West. 

f  Except  on  high  mouutaiua  in  tho  Souurao  region. 

IKange  dowu  luto  Upper  Ijonoraii  alao. 
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the  Sonorau  of  tite  surnmndiDg  plane  by  a  belt  or  girdle  of  transition 
zone  forms. 

Tbe  tropical  region  reaches  the  United  States  at  two  remote  points- 
Florida  and  Texas.  In  tbe  former  it  exists  as  a  narrow  aub-tropical 
belt  encircling  the  southern  half  of  the  peninsula  from  Cape  Malab&r 
on  the  east  to  Tampa  Bay  on  the  west^  In  Texas  it  crosses  tbe  Lower 
Bio  Grande  from  Mexico,  and  extends  north  to  the  Nueces  Biver.  In 
western  Mexico  the  tropical  region  reaches  Mazatlan. 

Fourteen  fomilies  of  tropical  mammals  inhabit  North  America  north 
of  Panama,  namely: 

DidelphiiliB.  DicatylidiB.  Prooyon'dte.  Rapalidte. 

Biadypodidie.  Tapirids.  Soleuedoatidie.  Cebids. 

Mynnecopliagldn.  Octodoutidte.  EmbaUoiiurids. 

DaByp'^i^'^'  DaayproctidiB,  PhyUostomatidie. 

Of  the  above  fourteen  families,  six  reach  the  United  States,  namely, 
XHdelphida,  DttaypodideE,  JHcotylida:,  Procyonida,  Emballonurid<e,  and 
PhjflloetomatidtB,  and  two  of  the  latter  (DidelpAida  and  Frocyonida) 
penetrate  tbe  entire  breadth  of  the  Sonoran  region,  tbe  Procyonida 
even  entering  the  lower  edge  of  the  Boreal.  Descending  from  families 
to  genera,  it  is  found  that  no  less  than  sixty-two  tropical  genera  of  non- 
pelagic  mammala  inhabit  North  America  north  of  Panama,  of  which 
number  nine  enter  the  United  States  from  Mexico,  namely,  Diddphis, 
Tatusitty  Dicotyleg,  Nasna,  Procyon,  Felis,  Molossus,  Nyctinomus,  and 
Oiopterus.  Of  these,  IHdelpkis,  Felis,  and  Procyon  now  reach  consid- 
erably further  north  than  the  others,  as  just  pointed  out  in  speaking 
of  tbe  families  to  which  they  respectively  belong.  In  explanation  of 
this  extended  range  it  is  found  that  these  genera  inhabited  North 
America  in  pre-glacial  times,  and  as  a  consequeiice  have  become  accU- 
matizeil  to  a  wider  range  of  climatic  conditions.  Tlie  semi-tropiral 
belt  of  Florida  is  not  known  to  possess  any  tropical  mammals  except 
bats  and  a  large  indigenons  mouse  {Sitomys  macroptis),*  but  it  has  not 
been  explored  by  experienced  mammal  collectors.  Still,  its  recent 
origin  and  tnmpletc  isolation  from  otlier  tropical  areas  would  indicate 
the  absence  of  terrestrial  species  derived  ii-om  the  south.  At  tbe  same 
timeitisknown  to  be  rich  in  tropical  plants,laud  shells,  insects,  and  birds, 
as  is  shown  in  another  part  of  the  present  paper  [see  post  pp.  404, 
405).  It  contains  nine  genera  of  tropieal  birds,  namely  Zenaida,  Oen- 
trygon,  Utarnwnag,  Rostrhamns,  Polgborvs,  Grotophaga,  Euetheia,  Ci'W- 
clididon,  and  C<ereba. 

The  following  sixty-two  genera  of  mammals  belong  to  tbe  North 
American  tropical  region.  The  nine  preceded  by  the  letter  8  ent«t 
the  southern  United  States,  which  they  penetrate  varying  distances. 
Nyetinomus  and  OtopUrus  inhabit  the  Lower  Sonorau  zone  in  comiaon 


*  Described  by  tbe  writei  iw  Buparomyt  maeropui  ia  If.  dm.  Fauna,  No.  i,  Ott-> 
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vith  the  tropical;  Didelpkia  puBlies  completely  through  the  humid 
divifdoQ  of  the  Souoran  regiou;  &ad  Felis  aadProcgon  enter  the  lover 
edge  of  the  boreal. 


NORTH  AU  ERIC  AN  TROPICAL  GBNBHA. 


CbiToaectM. 
SDldelphiB. 

Bredfpiu. 

Cholcepiu. 

IfTDnecopbAga. 

Tuaandna. 

C^elotQras. 
S  Tktnaia. 
S  Dieotyles. 

ElAamognathns. 

CapromfB. 

Plnjtiadontift. 

Echlnomya. 

Synetherea. 

Dasyprocta. 

C(B]og(itiyB. 


Steuoderma. 

Chirodenqa. 

Pygoderma. 

Stuinira. 

Broclijpbj-lla. 
S  FeliB. 
!  Prooyon. 

BaHBBricyoD. 
^Nasna. 

Cercoleptea. 

Gal  io  tie. 

SoIeDodon. 

Natalna. 

RfayDcbonycterii 

Succuptcryx. 

DiclidnrDs. 


Nootilio. 

S  MoloMUS. 

S  NyctiDomns. 

CbiloaycteriB. 

Mormops. 

Centnrio. 

Denmodtis. 

Diphylla. 

Hidu. 

Hycetes. 

Loncborbina. 
5  Otoptemo, 

Vampyrna. 

Micrunyoteria. 

Traohyopa. 

PbyllMtonis. 


Htmoa. 

Hemidarma. 

GlosBophaga. 

PhylloDyotoris. 

MoDophylla. 

Leptonycteria. 

Gloaaonyctetia. 

Cfaatronyctori*. 

Artibeus. 

Vampyropa. 

Cbrysotbrix. 

Nyotipitbecoa. 


Becapitulating,  it  is  found  that  of  the  134  genera  of  non-pelagic 
mammala  inhabitiog  Xorth  America  north  of  Panama,  53  are  exclu- 
Bively  tropical,  20  exclusively  Souoran,  and  20  esclusively  boreal.  In 
additioQ  to  these  genera,  which  do  not  outstep  the  limita  of  the  regions 
to  which  they  severally  belong,  a  number  of  others  are  clearly  referable 
to  the  same  regions,  though  ranging  varying  distances  beyond  their 
proper  boundaries.  Including  these  genera,  the  number  belonging  to 
each  region  is  as  follows:  Tropical,  62;  Sonoran,  34;  boreal,  31;  thus 
leaving  but  7  genera  out  of  a  total  of  134  that  are  not  distinctly  refer- 
able to  one  of  the  three  regions.  One  of  these  (Si/naptomyg)  is  not 
known  to  occur  outside  the  limits  of  the  transition  zone,  leaving  but 
six  genera  that  have  not  been  assigned.  These  genera  are  Sciuropterua, 
Sciurv*,  Spermopkilus,  Lepua,  Cams,  and  Lutra,  each  of  which  ranges 
over  large  parts  of  both  boreal  and  Sonoran  regions.  All  except  Sper- 
mophilm  inhabit  the  tropical  region  also,  and  all  are  of  great  antiquity, 
as  will  be  shown  presently  (p.  303).  The  genera  Spermopkilus  and  Lepus 
might  be  referred  to  the  Souoran  region,  because  the  great  majority  of 
their  species  are  conHued  to  it;  and  for  the  same  reason  l:ioiuraa  might 
be  considered  tropical  and  Sonoran. 

Omitting  Mexico  and  Central  America,  and  regarding  the  9  intra- 
sive  tropical  genera  already  mentioned  as  Souoran  (in  contradistinc- 
tion to  borea1),it  is  fonnd  that  81  genera  of  non-pelagic  mammals  inhabit 
the  United  States  and  Canada,  of  which  43  may  be  looked  upon  as  of 
Sonorao  origin  and  31  as  of  boreal  origin.  The  7  genera  remaining  are 
those  mentioned  in  the  last  paragraph. 
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Qeograpkio  dittribulion  of  Iforlh  AmerieaK  geitera  of  nortptlasic  nMmmaU  ootnurnj 
ttortk  of  Maico. 

BOREAL  aiNERA. 


Cervna. 

Arctomys. 

Gnlo. 

Kangifer. 

Aplodontia. 

Zapns. 

MuBtela. 

Alee. 

CMtor.* 

Eretbizon. 

Lutreola.- 

OviB.' 

Arvicola.* 

Lagomya. 

Putorius.  ■ 

Mkiuna. 

Fiber.* 

Vulpea.- 

Sorfii.' 

Bi««..{l) 

Evotomys. 

Uraaa.' 

Neurotrichna.  (f) 

Orihoi. 

PbeiuMoniyB. 

Condyliira. 

TamiM.* 

HyodM. 

Latai. 

BONORAN  GENBRA. 

C»riacnB.t 

Oeomys. 

Bassariscna. 

CorynorhiuUB. 

Aotilooapra. 

ThomomyB. 

Tasidea. 

Euderma. 

Cynomys. 

Dipodomya. 

CoDepatQB. 

BeithrodDiitom;a . 

M6phiti8.t 

NycticejuB. 

OaychoDiya. 

Microdipodopa 

Spllogale. 

Vwperago.t 

Sitomya.t 

PerognathnB. 

MoUoaorei. 

AUlapha.t 

Oryzomys. 

Heteromya. 

Blanna.t 

Vespertilio.i 

Sigmodon. 

Lynx.t 

NeDtoma.t 

Urooyon. 

Scalops. 

TROPICAL  GMIKRA. 

Didelphia. 

FeliB.( 

Nasua. 

NyctiBomna, 

Tfttnsift. 

Procyon.t 

Moloaana. 

Otopteraa. 

DicotyleH. 

TRANSITION  ZONE  GENERA. 

SyDftptomya. 

OEHEIU.  INHABITING  B 

OTH   BOREAL  AND   SONORAN   ZONES. 

Scinroptenis. 

SpermophilQS. 

Lntra. 

Lepna. 

SciuTus. 

Caata. 

DISTINCTNESS  OP  THE  TKOPICAL  REGION   FBOH  THE  SONOKAIt. 

It  has  been  shown  that  the  fatma  and  flora  of  tropical  America  reacb 
the  United  States,  though  in  a  somewhat  dilute  condition,  along  the 
Lower  Bio  Grande  in  Texas  and  in  southern  Florida,  and  that  in  tli« 
vast  majority  of  cases  their  genera  and  species  diflPer  widely  from  tliose 
of  other  parts  of  America.  Except  for  the  presence,  chieHy  in  the  south- 
ern United  States,  of  a  comparatively  few  forms  derived  frnm  the 
tropical  region,  the  fauna  and  flora  of  North  America  are  as  distinctive 
and  independent  of  the  existence  of  this  area  as  if  separated  from  it  by 
the  hroad  ocean.  Among  the  eigbty-one  genera  of  non-i>elagic  Matf- 
malia  inhabiting  North  America  north  of  Mexico  the  number  of  these 


'  Haviag  o 
t  Having  o: 


e  apeciea 

}  apecies 


a  Sonorau  zone  ur  reaching  Sonoran, 

u  Boreal  zoa«  or  reachiag  Buutbero  edge  of  B(M«)^^  |  . . 
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intnieiTe  geaera  is  only  nine,*  as  lias  been  shown,  and  three  of  these 
are  bats.  These  geoera  are:  Didelphis  Tatmia,  IHmfylea,  F<Ait,  Pro- 
egon,  Saiua,  ifolottm,  Nyctinomua,  and  Otopteras.  Tafuaia  and  Ifagua 
barely  reach  oar  sonChern  bonndary;  Dicotylen  extends  only  part  way 
throngh  Texas;  Molossus  a  short  distance  into  soothem  Galiforuia; 
'SyctiMmug  and  Otoptenu  do  not  pass  beyond  the  lower  Sonoran  zone, 
and  Didelphis  is  restricted  to  the  humid  division  of  the  Sonoran.  Out 
of  the  nine  intrusive  genera,  therefore,  but  two  {Felis  and  Procyon) 
reach  the  sonthem  edge  of  the  Boreal. 

On  the  other  hand,  a  few  groups,  such  as  thu  wolves,  otters,  squirrels, 
aud  rabbits  (genera  Oaai»,  Lutra,  8ciuru8,  Sciuropterus,  SpermopkiltM, 
and  Lepun)  occur  over  large  parts  of  both  North  and  South  America, 
presenting  a  seeming  obstacle  to  the  acceptance  of  the  view  ttiat  the 
t'aonas  in  question  are  so  wholly  disBimiJar.  But  investigation  shows 
that  these  auinnalB  are  almost  world-wide  in  distribution,  implying  great 
antiquity  of  origin,  and  remains  of  most  of  them  have  been  found  as  low 
down  at  least  as  the  Miocene  strata  in  both  America  and  Eurasia. 
Hence  it  is  clear  that  these  types  became  diffused  over  Xorth  and  South 
America  at  a  very  distant  i>eriod,  and  their  peculiar  habits  of  life,  though 
wholly  dissimilar,  enabled  them  to  survive  the  great  mutations  these 
land  areas  have  undergone  since  Miocene  times. 

The  paucity  of  species  of  tropical  derivation  in  North  America  is  the 
more  remarkable  in  view  of  the  absence  of  barriers  of  any  kind,  save 
climatic  conditions  alone,  to  impede  the  IVee  ingress  of  species  from  the 
south.  Ko  moontain  range  or  arm  of  the  sea  or  other  tangible  obstacle 
marks  the  northern  boundary  of  the  semi-tropical  faunaof  northeastern 
Mexico,  where  it  ends  abruptly  near  the  Nueces  River  in  Texan,  or  the 
Hemi-tropical  belt  of  Florida,  where  it  ends  near  Tampa  Bay  on  the 
west  and  Cape  Malabar  on  the  east. 

If  the  tropical  fauna  and  flora  stopped  at  the  narrow  Isthmus  of 
Panama,  or  even  in  southern  Nicaragua,  where  the  last  union  of  the 
North  and  South  American  continents  probably  took  place,  the  case 
wonld  be  very  different,  bnt  iustead  of  doing  this  it  pushes  northward 
1,500  to  2,000  miles  and  ends  abruptly  where  the  most  painstaking 
iKarcb  £uls  to  reveal  any  barrier  to  further  extension,  except  an  niu^tm- 
ICenial  decrease  in  temperature  and  humidity.  (See  also  remarks  under 
chant;e  of  climate  following  Pleistocene  times,  p.  .31)8.) 

No  more  striking  illustration  could  be  desired  of  the  potency  of  cli- 
mate  compared  with  the  inefficiency  of  phyaiciil  barriers  than  is  i>re- 
sciited  by  the  almost  total  dissimilarity  of  the  North  American  Tropical 
and  Sonoran  reeions,  though  in  direct  contact,  contrasted  with  the 
great  similarity  of  the  Boreal  regions  ot  North  America  and  Eurasia, 
now  separated  by  broad  oceans,  though  formerly  united  doubtless  in 
the  region  of  Bering  Sea.     Of  the  thirty-one  Boreal  genera  of  North 

'  AmoQ);  birdi  tlie  nnmlierof  iiitruxivo  tonan  i»;|^>at«r,  iw  woulill>«ex|i«ct»ilfrom 
tbeir  itaperior  iiowcth  of  locouiiitioii  auil  diHiieraioD. 
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AmericaD  mammals  all  but  eight,  or  three- fourths,  occor  also  In  Eurasia, 
and  but  a  single  family  ia  restricted  to  cold-t«mperate  America.    This 
family  (the  Aplodotttida)  is  the  sole  representative  of  a  gronp  approach- 
ing extinction,  and  the  accident  of  its  survival  (in  a  single  genus  and 
two  closely  related  species)  in  a  very  limited  area  along  onr  west  coast  i 
can  hardly  be  coustraed  as  of  much  faanal  sigiiiflcance.    Coutrasted  ^ 
with  this  one  &mily  (which  oaght  not  to  be  counted)  and  eight  genera  ' 
of  Boreal  North  American  mammals  not  occurring  in  Eurasia,  tropical  , 
North  America  (Central  America  and  part  of  Mexico,  exclusive  of  the  ' 
West  Indies)  has  no  less  than  eight  fomilies  and  llfty-three  genera  not 
belonging  to  the  immediately  adjoining  Sonoran  region  of  the  soaUian 
United  States  and  the  plateau  of  Mexico. 

THE  SONOBAM  NOT  A  TRANSITION  REGION. 

Before  leaving  this  part  of  the  subject  reference  shonld  be  made  to 
the  view  recently  advanced  by  some  naturalists,  notably  by  Angeio 
Heilprin,  that  the  Sonoran  region  is  itself  a  "Transition  region" 
between  the  Boreal  and  Tropical  fo>unas  and  floras.  The  incorrect- 
ness of  this  hypothesis  is  easily  demonstrated,  for  it  rests  upon  the 
assumption  that  the  Sonoran  region  is  a  mixture  of  Boreal  and  Tropical 
forms.  The  contrary  has  just  been  shown  to  be  the  case,  the  biatxu 
between  the  Sonoran  and  Boreal  on  the  one  hand  and  the  Sonoran  and 
Tropical  on  the  other  being  not  only  immense,  but  vastly  greater  tfaan 
that  between  Boreal  America  and  Enrasiu. 

DIFPEREKTIATION  OP  LIFE  FROM  THE  NORTH  SOUTHWARD. 

Animals  and  plants  inhabiting  the  Arctic  regions  are  usually  spe- 
cifically identical  throughout  Arctic  America,  Greenland,  and  the  pulai 
parts  of  Eurasia  and  outlying  islands,  wliile  as  they  diverge  from  ibe 
pole  southward  they  tend  to  split  up  into  many  species  |  in  other  words, 
Boreal  sjiecies  are  more  stable  and  persistent  than  those  inhabiting 
warmer  countries.  The  explanation  of  this  fact  is  obvious.  The  iden- 
tity of  climate  and  environment  throughout  the  Arctic  zone  tends  to 
preserve  identity  of  specific  characters,  giving  rise  tut  a  homogeneous 
fauna  and  flora,  while  the  diversity  of  physical  conditions  and  climatic 
influences  prevailing  in  an  increasing  degree  at  greater  distances  from 
tlie  pole  exerts  a  jtowerful  influei>ce  upon  the  various  forms  of  life, 
produring  first  local  geographic  races  or  sub-spocies,  then  speoies,  ami 
finally  groups  of  species  constituting  well-marked  subgenera  and  e?ffl 
genera,  giving  rise  to  greatly  diversified  faunas  and  floras.  That 
among  mammals  the  polar  or  ice  hear  {Tlialtfrctm  maritimia)  iiaa  ao 
very  near  relative,  and  is  replaced  in  the  tuudras  by  the  brown  and 
barren-ground  bears  ( Ursvs  arctoa  and  rickardsoni),  which  run  iuto 
several  more  or  less  distinct  forms,  as  the  snow  bear  ( E7.  isabeUinut), 
Syrian   bear  ( U.  syriacuii)^  and  hairy-earwl  l)ear  ( U.  pitcator).    Besides 
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these  are  the  grizzly  ( U,  horribilis),  of  which  two  forms  may  be  recog- 
nized) and  the  black  beara  of  America  and  Eurasia  [  U.  amerimnua, 
iorquattu,  and  japontctta)^  and  still  farther  southward  the  group  be- 
mmes  differentiated  into  several  well-marked  genera. 

In  like  manner  the  Arctic  fox  is  replaced  to  the  southward,  ftrBt,  by 
the  red  foxes  of  America  and  Enraaia,  of  which  several  sub-species  are 
known;  second,  by  a  number  of  (juite  distinct  species;  and  third,  by 
idditioDal  types,  at  least  one  of  which  in  our  country  is  entitled  to 
^eric  rank  ( Uro^mi). 

The  ermine  and  polar  hare  are  the  sole  Arctic  representatives  of 
grcAipB  which  in  the  temperate  parts  of  Europe  and  Ameiicti  comprise 
.many  distinct  species,  and  in  the  case  of  the  former,  several  well- 
marked  Rub-geuera. 

The  Arctic  lemmings  (genera  Myodea  and  Cunieulua)  are  numerously 
represented  in  the  nortb  temperate  parts  of  the  world  by  the  genera 
Bllobiua,  Synaptomi/s,  Phenacomys,  Fvotcmya,  Fiber,  and  Arvieola. 

It  is  not  to  be  inferred  from  the  above  remarks  that  the  polar  repre- 
■rntatives  of  these  various  grou]>s  are  to  be  looked  upon  as  the  parent 
Btocks  from  which  the  other  members  sprang.  Usually  the  reverse  is 
tiiecase,  for  groups  of  Boreal  origin  that  now  attain  their  maximum 
development  in  the  north  temperate  regions  have  theimnmber  reduced 
iu  the  Arctic  circle  to  a  single  representative.  But  regardless  of  cen- 
ters of  origin,  it  is  here  intended  to  emphasize  the  fact  tliat  types  in- 
habiting the  Arctic  zone  are  few  in  number  and  uniform  in  character 
ttrongbout  their  distribution,  while  to  the  southward  the  same  types 
^become  more  and  more  diversified  andnew  types  appear  as  the  distance 
frum  the  pole  increases,*  so  that  it  maybe  formulated  an  a  general 
proposition  that  in  continental  areas  the  further  from  the  poles,  the 
larger  the  number  of  familiety  genera,  anil  speeiea,  f 


'  The  elder  Agnaaiz  long  niiice  pointed  out  that  "  IUa  v«g«tatiou  of  tlie  two  coott- 
ntota  becomes  more  and  more  bomogeneoiis  the  more  we  Mlvaiice  uurtLwurd."  (Lake 
Itapfrior,  1850,  153.)  Stated  couversely,  this  in  in  complete  accord  witli  tlie  "  Law 
>f  iliBerentiation  from  the  north  southward"  fomiiihitei)  by  Allen  aa  "a  constant 
•oil  accelerated  divei^ence  iu  thecharactentof  the  animals  and  plan tH  of  aiiect^KBive 
rt^mw  nf  the  continent."  (BM.  Mn«.  Comp.  Zool.  ii.,  1871,379.)  In  a  later  contri- 
lintiati  the  aanie  author  apeaks  of  the  "high  Tat«  of  dilfereutiation  favored  by  trop- 
H^  conditions  of  clitiiate,"  ami  adds  that  Arctic  and  rold-tenipernte  cliuittus  are 
'haracterizeil  by  only  nlightly  or  moderately  divewiiled  faunas;  that  a.  moderate 
iMrwwe  of  temperature  results  iu  the  addition  of  iniiny  new  typnH;  iind  that  "a 
bigh  incTeaae  iu  temperature,  giving  tropical  conditions  of  climate,"  iH  accompanied 
dr  "  m  rapid  multiplication  of  new  forms  and  a  maximum  of  diftereutiatioii." 

1 1lia  ia  a  general  proposition  iuteniled  tu  apply  to  terrestrial  futma  of  life  cof- 
lolitelf,  and  does  not  conflict  with  tiie  law  that  the  maximum  nnmber  of  species  iu 
cMh  particular  group  is  found  iu  the  zone  or  area  which  is  the  center  of  its  diatri- 
bution. 
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OBiora  OP  aTPES  and  faunas — geologic  evidence. 

In  speaking  of  the  Boreal  aud  Souoran  origin  of  species  and  gtoopi 
in  the  present  paper,  the  t«rni  "  ori^u"  is  uaed  exclusively  in  a  scnai 
intended  to  indicate  present  centers  of  distribution — not  real  or  anciem 
centers  of  origin;  for  it  must  be  home  in  mind  that  the  history  of  tlit 
inliabitant»  of  the  earth  is  not  only  a  history  of  the  successive  appear 
anee  and  disappearance  of  types  now  extinct,  but  a  history  of  gteai 
movements — of  vast  migrations  to  and  fro  over  the  surface  of  tlie  globt 
and  little  is  known  of  tbe  real  iwiuta  of  origin  of  our  Boreal  and  Trap 
cal  faunas  and  floras.  The  geologic  evidence  demonstrates  that  in  Um 
past  large  land  areas  have  been  many  times  joined  together  and  man] 
times  rent  asunder.  Tbe  establisbment  of  land  continuity  hehcra 
areas  previously  disconnected  has  made  it  possible  for  new  forms  o 
animals  aud  plants  to  obtain  a  footing  and  spread  over  regions  pn 
vionsly  uninhabited  by  tbem, — olten  doubtless  at  tbe  exi>euse  of  tb 
indigenous  fauna  and  flora.  Even  great  continents,  as  North  aM 
Son^  America,  have  been  more  than  once  united  and  separated;  an^ 
the  last  union  of  these  continents  is  so  recent  we  can  distinctly  traceal 
tbe  present  day  tbe  course  aud  distribution  of  the  intrusive  forms. 

On  the  other  hand,  iu  comparatively  recent  times,  multitudes  <f 
species  and  genera,  and  even  families  and  higher  groups,  liave  »ai 
deidy  disappeared  from  large  areas  where  they  were  formerly  abuDdant 
aud  some  of  them  from  the  face  of  tbe  earth,  so  that  the  fauna  of  tb 
recent  past  compared  with  that  of  to-day  presents  some  strange  <m 
trasts.  North  America  iu  Pleistocene  times  was  inhabited  by  assuci* 
tious  of  mammals  not  now  living  on  this  continent,  but  found  iu  as  la 
distant  parts  of  the  earth  as  Asia  and  South  ^Vmerica;  for  horst^ 
camels,  and  elephants  then  lived  here  with  llamas,  tapirs,  and  tapj 
baras.  With  them  were  others  now  altogether  extinct,  aa  huge  tigm 
wolves,  cave  bears,  the  great  Mastodon,  the  Megatherium,  Megalotiy^ 
Mylodon,  and  other  gigantic  sloths.  i 

GLACIAL  EPOCH. 

The  cause  of  this  sudden  extermination  of  dominant  types  is  believeJ 
to  have  been  the  Glacial  e])ocb,  which  is  known  to  have  driven  Bp««* 
of  animals  and  plants  ft'oni  the  poles  to  the  tropics,  and  wliich  explains 
several  of  the  otherwise  inexjthrable  problems  presented  in  tbe  study 
of  tbe  past  and  present  distribution  of  life. 

The  snows  at  the  begiuuiug  of  the  Glacial  e[H>ch  fell  di>ou  a  coot'' 
nent  of  great  forests — tbrests  that  gave  nhelter  to  nmltitndes  of  Dia"' 
inals  and  birds  and  other  forms  of  life,  a  large  proiwrtion  of  whieb  n» 
longer  inhabit  America,  and  many  of  which  do  not  exist  in  any  IM^I » 
the  globe. 

During  tlie  period  of  maximum  development  the  great  glacier  iso*' 
ieved  to  have  been  not  Icmh  than  8,0<Xt  fif  t  in  thickness  in  nortliem 
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Hew  Eugland,  aud  ite  soatliern  border  crossed  New  Jersey  aod  PeuQ- 
^flTKDia,  and  tbem-e,  curving  irregularly  southwesterly  to  southern 
Qlinots  and  then  northwesterly,  finully  reached  tlie  Pacific  Oceau  iu 
British  Coliinihia.  The  disiistrous  eDect  upon  animals  and  plants  of 
this  treniendouH  body  of  iec  must  have  reached  fat  south  of  its  actual 
borders. 

Tbe  Glacial  eiHich  is  Itelieved  to  have  l>eeu  uia^le  up  of  at  least  two 
priDci[>al  and  a  number  of  minor  advances  ajid  retreats,  separated  by 
long  intervals  and  accompanied  donbtlcKS  by  corresponding  fluctua- 
tioiis  in  the  northern  boundaries  of  the  faunal  and  lloral  areas  inimedi- 
itely  to  the  south  j  Ibr  it  is  reasonable  to  sapi>ose  that  throughout  the 
period  covered  by  the  movements  of  the  ice  mantle,  and  probably  in 
later  pre-glacial  times  as  well,  the  fornix  now  known  as  Boreal  aud 
Arctic  (or  their  immediate  ancestors)  inhabited  areas  characterized  by 
temperatures  not  very  different  ftom  those  they  now  require,  and  that 
Ihe  northern  limit  of  each  species  kept  at  a  certain  uniform  distance 
friim  the  ice  line.  "  Plants,"  says  Dr.  firay,  "  are  the  thermometers  of 
the  ages,  by  which  climatic  extremes  and  climates  in  general  are  best 
mfMHred." 

Important  evidence  of  the  correctness  of  this  hypothesiti  is  afforded 
hy  tlie  well  known  presence  of  colonies  or  assemblages  of  arctic  species 
on  i^lated  monntain  summits  in  southern  latitudes,  where  the  altitude 
curries  them  into  the  low  temperature  of  their  homes  iu  the  far  north. 
It  Ik  obvious  that  such  colonies  could  not  have  reached  their  present 
positions  during  existing  climatic  conditions.  But  during  the  return 
DOTemeot  of  animal  and  plant  life  following  the  retreat  of  cold  at 
the  close  of  the  Glacial  epoch,  many  Boreal  species  were  stranded  on 
mountains,  where,  by  climbing  upward  as  the  temperature  increased, 
they  were  enabled  to  survive,  finding  a  final  resting  place  with  a  climate 
sufficiently  cool  for  their  needs,  and  here  they  baveexisted  to  the  present 
day." 

Throaghout  the  growth  of  the  great  ice  mass  and  its  extension  from 
the  north  southward  it  is  clear  that  the  animals  and  plants  thatcoold 
not  keep  pace  with  its  advance  must  have  perished,  while  the  steady 
pnghing  toward  the  tropics  of  those  that  were  able  to  escape  to  the 
mpidly  narrowing  land  in  that  direction  must  have  resulted  in  an  over- 
crowding of  the  space  available  for  their  needs  and  a  corresponding  in- 
CTease  in  the  severity  of  the  struggle  for  existence.  The  sustaining  ca- 
pacity of  a  region  is  limited;  hence  such  a  thing  as  over-crowding,  in 
the  sense  of  greatly  increasing  the  number  of  organisms  a  region  can 
support,  is  an  impossibiUty,  for  beyond  a  certain  limit  all  excess  of  life 


"  III  a  fonnpt  communication  attoiition  wan  calleil  to  Iho  circnmstiince  that  the 
pmenceor  nbicDrc  of  snch  nrctic-ulpine  colonies  iinbieh  volraiiicmoiiiilaiiiamaybB 
iifnu  tolhc.  gcologlntna  alfnrdJnK'^vM«ncoof  the  ageoftho  volcnnic  Activity  result- 
'"gin  the  upheaval  of  the  mountain,  thcalMctico  of  Arctic  or  Bnreal  fonuH  tudicAt-     i 
ingpostRlacial  origin.  (AT.  Am.  /■(i««o,  No.3,Srpt.-mber,  1K90,  p.21.)      -  '  ■> '■^lOOJ^ IC 
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miiBt  perish, — over-CTOwdiog  inevitably  leftding  to  death.  The  idot- 
tality  in  any  one  year  may  not  have  been  great,  but  during  tiie  many 
thonsanda  of  years  covered  by  the  movements  of  the  continental  ice  the 
iHTgregatedestniction  of  life  must  have  been  stapendonB. 

rinmediately  upon  the  close  of  the  Glacial  epoch,  life  begun  to  reclaim 
the  regions  from  which  it  had  been  so  long  shut  out.  This  overflow 
reloaded  the  tension  under  which  the  animals  and  plants  bad  been  strug- 
gling for  ages  and  rendered  the  contest  for  existence  less  severe.  Over- 
production had  iit  last  found  an  outlet,  and  life  became  possible  to  a  <xu- 
stantly  increasing  number  of  individuals.  Normal  reproduction  was 
sufficiently  rapid  to  supply  occupants  for  the  regions  made  habitable 
by  the  slow  recession  of  the  ice,  and  the  advance  of  both  plants  and 
animals  kept  pace,  doubtless,  with  its  progressive  increase.  Bnt  the 
species  that  survived  to  return  were  only  in  part  thos$  driven  out 
Many  had  been  overtaken  by  the  told  or  bad  perished  in  the  journey 
southward;  others  were  driven  into  inhospitable  regions  where  the  en- 
vironment was  not  suited  to  their  needs;  others  still  suecnmbed  in  the 
struggle  resulting  from  over-crowding,  and  some  that  outlived  the  fird 
great  period  of  glaciation  perished  during  the  second.  Gilbert  tells  os 
that  a  detailed  study  of  the  ancient  lake  beds  of  the  Great  Basin 
"shows  two  lacustral  epochs  corresponding  to  two  glacial  epochs,  and 
correlates  the  mammalian  fauna  with  the  later  half  of  the  later  Olaciiil 
e^ioch.  Presumptively  this  date  falls  very  late  in  the  Pleistocene 
period."  ("Lake  Bonneville,"  by  G.  K.  Gilbert,  1890,397.)  The  mam- 
malian fauna  referred  to  comprises  an  elephant,  au  otter,  two  horses, 
three  llamas,  a  deer  of  the  genns  Cerrus,  an  ox,  a  gigantic  sloth,  to- 
gether with  three  species  now  living,  namely,  the  coyote,  beaver,  and 
IMK'ket  gopher  ( rAomomyg),  No  new  types  came  in  to  take  the  place 
of  those  exterminated;  hence  we  in  the  United  States  now  live  in  a 
region  deprived  of  many  of  the  groups  to  which  it  gave  birth,  and  we 
are  forced  to  visit  remote  parts  of  the  earth  to  see  animals  and  plants 
that  once  attained  their  maximum  development  in  North  America, 
while  others  that  formerly  flourished  here  are  entirely  extinct. 

Not  only  are  the  pre-Pleistocene  animals  and  plants  now  represented 
imperfectly  and  in  <freatly  reduced  numbers,  bnt  the  areas  at  present 
iuliabittHl  by  their  descendants,  except  in  the  case  of  the  Boreal  fonna, 
an>  insigiiiflnuit  in  com]mrison  with  their  former  extent.  It  should  )>e 
ivmeuilM'red  that  the  n-frigeration  of  the  Glatial  epoch  has  only  in  part 
disiipiiciuwi.  In  early  Pliocene  times  chai-acteristic  representative"  of 
Slit) -tropical  faunas  and  floras  existed  northward  over  much  of  the 
ITuitetl  States  and  Oaua^liL,  and  in  still  earlier  times  reached  the  Arctic 
t'ircle.*  During  the  advan«^^  of  cold  in  the  Glacial  epoch  these  fbnns 
wen>  either  externunateil  or  driven  southward  into  the  narrow  tropiciU 
■>itrts  of  Alexii-o  and  Ontml  America.    The  retreat  of  cold  at  the  tei 


H  of  tiiAgnolia.  Aaaaafna,  anil  liqoidamber  hare  been 
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mination  of  this  period  van  iiot  complete,  and  our  contiueut  has  never 
regained  ite  former  warmtb.  Heuce  tUe  expelled  species  were  not  pec- 
miUed  to  adTance  more  than  a  Bhort  diBtaDC«  into  the  region  formerly 
occnpied  by  theiu,  and  tlie  troitical  Bpecies  have  been  held  ba«kaud  at 
the  present  day  are  not  found  except  along  the  extreme  Bonthem  c-ou- 
fines  of  our  territory.  For  example,  i>eccariea  in  early  Pleistocene  times 
ranged  northward  over  a  large  part  of  we.stern  America,  while  at  pres- 
ent they  are  rcHtricted  to  parts  of  Texas  and  Looisiana  below  the  Red 
iiiver  of  the  South ;  and  the  capybaras,  tapirs,  and  other  tropical  formn 
Those  fossil  remains  have  been  found  in  many  parts  of  the  United 
StAtes  have  not  been  able  to  return.  The  same  is  tme  of  plants;  for 
the  palms,  tree  ferns,  and  numerous  other  tropical  types  that  formerly 
ranged  over  much  of  our  country,  are  now  either  altogether  extinct  or 
eiistonly  in  the  tropics. 

The  llama — and  manyplauts — now  iiihabitingthe  Andes  may  be  looked 
upon  as  representing  a  class  of  CHses  in  which  Boreal  forms  were  driven 
ft)  &r  south  that  they  actuall}'  reached  the  great  mountain  system  of 
South  America,  and  spread  southward  over  its  elevated  plateaus  and 
declivities  to  the  extreme  end  of  the  contiueut  in  Patagonia  and  Terra 
del  Fuego.    This  fact  has  been  long  reoognized  by  botanists. 

The  palEBontologic  history  of  the  earth  shows  that  many  groups  now 
tmknowu  came  into  existence  from  preceding  groups,  gradually  attained 
a  maximnm  development,  and  as  gradually  passed  away;  but  there  are 
few  records  of  breaks  in  the  geologic  series,  or  of  disturbances  of  any 
bind  fix>m  the  earliest  appearance  of  life  to  the  present  time,  that  have 
resnited  in  the  destruction  of  so  many  types  as  the  cold  of  the  Glacial 
epoch. 

CAUSES  CONTBOLLING   DISTBIBUTION. 

It  is  now  pretty  generally  conceded  that  temperature  and  humidity 
are  the  chief  factors  governing  the  distribution  of  life,  and  that  tem- 
peratore  is  more  potent  than  humidity,  niustratious  of  this  law  have 
been  already  given  in  contrasting  the  humid  and  arid  elements  of  the 
several  zones  with  the  zone  elements  as  limited  by  temperature,  and  it 
has  been  finud  in  the  case  of  mammals  and  birds  that  the  effects  of  tem- 
perature, estimated  numerically,  arc  more  than  three  times  greater  than 
the  effects  of  humidity  upon  genera,  and  many  times  greater  upon  the 
higher  groups. 

Anthers  differ  as  to  the  exact  period  during  which  teni{>erature  exerts 
the  greatest  influence,  but  there  can  be  little  ditubt  that  for  both  ani- 
malB  and  plants  it  is  the  season  of  reproductive  activity,  and  benc« 
vuies  invOTsely  with  latitude  and  altitude.  In  high  arctic  latitudes 
this  period  is  very  brief,  while  in  the  humid  tropics  it  seems  to  extend 
over  nearly  if  not  quite  the  whole  year.* 

"Thiitru  pointed  out  by  the  nDthor  in  Xorlh  Am.  Fauna,  No.  3,  Septec^^,)^^  [  ^' 
pp.  36, 27.  tN 
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Whether  the  temperature  in  question  is  the  tueun  of  a  certaiu  period 
or  the  sum  of  the  daily  temperatures  for  that  period,  or  ttie  BOni  in 
excess  of  a  certain  minimum,  expressed  in  dogrees  of  tlie  tbermonietric 
scale  or  in  calories,  and  how  to  determine  the  precise  beginning;  and 
ending  of  this  period  for  cacli  locality,  are  (luestions  rettpevting  which 
difference  of  opinion  prevails;  and  authors  are  not  agreed  a8  to  whether 
the  temperature  should  betakenintbesunnhineor  in  the  Hhttde,orata 
certain  distance  below  the  sur&ce  of  the  eaitb.  At  the  Ranie  time  it  has 
been  demoDStrate<l  by  Linsser  and  others  that  a  detintte  quantity  oi 
heat  is  required  to  complete  the  process  of  reproduction  in  a  numbered 
plantsexperimen  ted  upon, — and  nature's  tawsaj^  not  framed  for  isohited 
cases.  This  law  is  taken  advantage  of  by  exjtert  gardeners  and  horti- 
culturists who  are  able  to  so  regulate  the  temperature  of  their  green- 
hoases  that  they  can  produce  a  perfect  dower  or  a  ripe  trait  on  a  speci- 
fied day. 

A  few  species  (particularly  among  plants)  are  so  Beiisitive  to  cold 
that  they  are  limited  in  northward  range  by  the  line  of  killing  fi-ost- 
bnt  in  the  vast  majority  of  cases  the  winter  temperature  is  of  no  conse- 
quenco.  As  I  have  already  shown,  "  The  season  of  reproduction  for 
the  plant,  as  for  the  animal,  is  the  warm  part  of  the  year.  After  the 
period  of  reproduction  the  plant  withers;  after  it  flowers  and  fruits 
and  matures  its  seed,  it  dies  down  or  becomes  physiologically  inactive. 
And  what  the  plant  aecompliahes  in  one  way  the  animal  accomplishes 
in  another.  To  escape  tbe  cold  of  winter  and  its  consequences,  the 
sensitive  mamma)  hibernates;  tbe  bird  migrates  to  a  more  southern 
latitude;  the  reptile  and  batrachiaii  dig  holes  in  the  mud  or  sand  and 
remain  in  a  torpid  condition;  the  insect  sleeps  iu  its  ci>coon  or  banes 
itself  under  leaves  or  decompoHiug  vegetation;  and  none  but  the  har- 
dier forms  of  life  are  left  to  be  affected  by  winter  teraperattires."  {X. 
Am.  Fauna,  No.  3,  September,  1890, 20, 27.) 

After  temperature  and  humidity,  several  subordinate  though  impor- 
tant factors  remain  to  be  considered.  Among  these  maybe  mentioned 
the  duration  and  actinic  eflfects  of  sunlight  (governed  in  part  by  per- 
centage of  cloudiness  or  fog  and  by  the  mechanical  purity  of  tbe  atmos- 
phere). The  character  of  the  soil  also  determines  the  presence  or 
absence  of  manv  snecies,* 

.■ONTBASTED    WITH    EFFECTS   OF    TEMPEKA- 
TURB. 

the  Boreal  zones,  owing  to  their  low  tempera- 
nt  moisture  to  support  arboreal  vegetation, 
reas.  The  Trausitiou  and  Sonoran  zones,  on 
fall  into  two  important  subdivisions,  arid  and 

liatrilHitimi  will  uot  In-  (lixciiHsed  turtber  bore  heffanii* 
r  roTiimiiti  teat  inn  ii]jo[i  wbirh  tbe  writer  is  engag«d. 
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hDmid,  as  indicated  in  defining  their  courses.  As  a  rule,  the  former 
coualst  of  treeless  plains,  deserts,  and  barren  mountains,  while  the  lat- 
ter are  bonntiflilly  clothed  with  forests.  Most  of  the  humbler  forma  of 
vegetation  are  different  in  the  two  sub-divibions,  and  differences  exist 
also  among  the  mammals,  birds,  and  reptiles,  but  the  great  m^ority 
of  these  dissimilarities  are  not  of  the  same  kind  as  those  that  distiii- 
gnisb  one  zone  from  another.  Most  of  them  are  specific,  uot  generiu, 
and  the  number  of  distinctive  groups  of  high  order  is  very  much  less. 
This  may  be  made  clear  by  selecting  the  distinctive  elements  of  the 
arid  Sonoran  (which  has  the  largest  number  of  peculiar  forms)  in  com- 
parisou  with  those  of  the  humid  Sonoran  (or  Auatro-riparian)  and  con- 
,  trasting  them  oumerically  with  the  distinctive  elements  of  the  Sonoran 
as  a  whole  compared  with  those  of  the  Boreal  as  a  whole.*  Among 
non-pelagic  mammals  the  arid  Sonoran  ha£  one  family  {Antilocaprida) 
and  only  t«n  generat  not  known  to  inhabit  the  humid  Sonoraa  or  Aus- 
tro-riparian,  and  the  latter  has  bnt  one  family  (Didelphida)  and  four 
genera  Didelpkin,  Oryzomys,  Scalops,  and  Nyctic^us)  not  found  in  the  arid 
Sonoran  (and  the  family  and  one  of  the  genera  are  intrusions  from  the 
Tropical  region),  while  thirteen  fomilies  and  tweuty-seven  genera  are 
common  to  both  arid  and  humid  subdivisions-t 

Among  birds  the  arid  Sonoran  has  no  family  and  only  twenty-four 
lienera  not  inhabiting  the  humid  Sonoran,  and  the  Utter  has  no  family 
and  but  seven  genera  not  found  in  the  arid,  while  twelve  families  and 
thirty-one  genera  are  common  to  the  two  divisions. 

Contrasting  the  Sonoran  as  a  whole  with  the  Boreal  as  a  whole,  it 
appears  that  there  are  no  less  than  eight  families  and  forty-one  genera 
f>f  mammals  and  ten  families  and  about  one  hundred  genera  of  birds 
<li»tinctive  of  the  Sonoran,  and  six  families  and  thirty  genera  of  mam- 
mals and  three  families  and  about  forty  genera  of  birds  distinctive  of 
tlie  Boreal  zone.  In  other  words,  taking  mammals  and  birds  together, 
the  arid  Sonoran  has  one  peculiar  family  and  only  thirty-four  distinc- 
tive genera,  and  the  humid  Sonoran  one  family  and  eleven  genera  (of 
which  the  family  (DidelphicUe)  and  several  of  the  genera  are  clearly 
intrusions  from  the  tropical  region),  while  the  Sonoran  as  contrasted 
with  the  Boreal  has  eighteen  distinctive  families  and  one  hundred  and 
forty-one  distinctive  genera,  and  the  Boreal  has  nine  distinctive  fami- 
lies and  seventy  distinctive  genera. 

Only  eight  families  and  eight  genera  of  mammals  are  common  to  the 
Boreal  and  Sonoran  regions.  The  common  famibes  are:  Gerpida, 
UuridtE,  Soiurula,  Leporidte,  Mustelidn:,  CanidO!,  FelidtB,  and  Soricidie. 

'The  intriDiiv^  tropicul  geuera  aro  here  treated  aa  Sunurau. 

ITheae  genera  aro:  Aniilocapra,  Cgnomyt,  OngchoiKgn,  Thomongt,  Dipodotniit,  I'ero- 
dipM,  iticrodipodopt,  Ptrognalh«'.  Biu«ari»imt,  and  AHtrotoug, 

tThenetrly  discovered  geniis  o(  ChiropUra,  Enderma,  is  here  nmitted  because  only 
a  single  specimen  is  kaonn,  and  it  lan  not  yet  be  satisfactorily  ssaigued  to  itof  ruper  . 
(aniuJ  position.  -i  lyV-iOOQlC 

H.  Mis.  334,  pt.  1 26 
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The  oominmoD  genera  are:  Sitomgg,  Sciurwn,  Sciuropterusy  SpermopU- 
lu$,  Lepus,  Lutra,  Cants,  aod  Lynx.  Several  otberD  inhabit  limited 
parta  of  both  regioiis,  bat  are  not  i^ommon  to  these  regione  an  a  irb<^. 

With  the  possible  exception  of  the  gray  wolf,  not  a  single  species  of 
mammal  ranges  thronghout  the  Sonoran  and  Boreal  zones,  thoagfa  a 
number  are  common  to  the  Upper  Sonoran  and  Lower  Boreal  (Cana- 
dian); and  in  the  case  of  the  wolf  it  is  almost  certain  that  comparisoo 
of  specimens  will  show  the  animal  of  thv  sonthem  TTnited  States  and 
Mexico  to  )>e  perfectly  distinct  from  that  of  Arctic  America.  The 
ermine  is  another  species  of  exceptional  tbougli  less  extensive  range, 
if  it  is  really  trne  that  the  weasel  inhabiting  the  shores  and  islands  of 
the  Polar  Sea  is  speciflcally  identical  with  that  fonnd  in  the  more  ele- 
vated parts  of  the  Sonthem  States, — an  assumption  I  can  not  for  a 
moment  entertain. 

In  the  case  of  land  birds,  eighteen  genera  are  common  to  tbe  Boreal 
and  Sonoran  regions.  Tlie  number  of  common  families  is  relatively 
large  as  would  be  expected  from  the  wide  dispersal  of  most  families  o( 
birds.  For  instance,  the  Turdida-  or  thrashes  inhabit  North  and  Soath 
America,  Barasia,  Africa,  India,  and  Australia;  the  Parida  or  titmice  ' 
inhabit  S'orth  aod  South  America,  Eurasia,  Africa,  India,  Anstr^ia,  l 
and  New  Zealand;  the  Oincft^  or  dippers  inhabit  North  and  South 
America,  Earasia,  India,  and  tbe  Austro- Malayan  region;  tbe  Troglo- 
dytida  or  wrens  inhabit  North  and  South  America,  Earasia,  India. 
Africa,  and  the  Austro- Malayan  region;  tbe  (7ort<i(te  or  crows,  magpiee 
and  jays,  are  fonnd  in  every  part  of  the  world,  and  soon. 

A'amber  of  distinctite  familie*  and  genrra  of  .Vmniiuira  and  Birdt  a/  llw  arid  SvMrai 
nrntparfd  wilh  Iht  kuntid  SoHoran,  and  of  Ikt  .SoMoritn  oa  a  tvlwle  compared  rilk  lit   \ 
Boreal  at  a  ui\olf.. 


Arid  Sononu  dlMlngnlsbed  tniat  bomld  i 
S-oonuibr I 

Humid  Smoimn  ilistingiiiab*d  ftxim  arid  , 
doDoran  by,,--.- ,-,-..,...-., — 

ComiPOD  to  both  arid  uid  humid  wmo- 

SouoThD  aa  A  wh<d«-  diatinf  uUb*d  from 

Bam*]  feA  A  whola  dUtinpitBbed  from 

SM.onu.hy „ 

Common  to  Boiflal  and  SoDorao 

'  Sitojrv  ud  Lyiu  an  omittod  bei«na«  tb 
regloa. 
f  PuJoHu  ia  omltlod  bccqiue  it  rap^t  ovt-r  n 


_,oogs: 


OEOORAPHIC  DISTRIBUTION  OF  LIFE  IN  NORTH  AMERICA.     403 

The  above  table  shows,  bo  far  as  tlie  geuera  of  mammals  and  birds 
are  concerned,  tbat  the  difference  between  the  humid  "Atlantio"  or 
"Eastern  province"  on  the  one  hand,  and  tlie  arid  Great  Plains  and 
Great  Basin  on  the  other,  is  less  than  one-fourth  as  great  as  the  differ- 
ence between  the  Sonoran  and  Boreal  regions. 

These  facts,  it  seems  to  me,  shonid  suffl<-e  to  establish  beyond  dispute 
the  subordinate  part  played  by  humidity  in  comparison  to  temperature, 
uid  should  dispel  any  lingering  doabta  that  may  still  haant  the  minds 
of  conservative  naturalists  respecting  the  necessity  of  abandoning  the 
kittg  accepted  division  of  the  United  States  into  Atlantic,  Central,  and 
Fadfio  provinces. 

BEMABKS  CONOEBNINQ  SOME  OF  WAJ.LAaB'S  8TATE11ENTS. 

Wallace,  in  his  great  work  on  geographic  distribution,  and  in  sub- 
sequent writings  on  the  same  subject,  greatly  underrates  the  iuipor- 
tattce  of  temperature  as  a  factor  in  determining  the  distribution  of  life. 
He  lays  great  stress  upon  the  dissimilarity  of  the  faunas  and  floras  of 
parts  of  Africa,  South  America,  and  Australia  lying  in  the  same  lati- 
tude, and  calls  particular  attention  to  the  circumstance  that  although 
tbe  climate  may  be  identical  over  these  widely  separated  areas,  the 
species  and  higher  groups  are  totally  distinct,  because  the  regions  have 
been  disconnected  since  early  geologic  times, — as  if  these  facts  were  not 
Bdf-evident.  On  the  other  hand,  in  single  continental  areas  where 
there  is  no  break  or  barrier  of  any  kind  between  widely  different  faunal 
zones,  he  tries  to  invent  some  nnnaturnl  reason  for  the  differences 
observed,  and  is  reluctant  to  admit  that  even  in  these  eases  climate  or 
climatic  conditions  van  constitute  the  barriers  to  dispersion  tbat 
nndoubtedly  exist.  He  says  of  climate:  "  Probably  its  action  is  indi- 
rect, and  is  detenniaed  by  its  influence  on  vegetation,  and  by  bringing 
diverse  groups  into  competition." 

In  another  pla^^e  be  states :  '*  Hot  countries  usually  differ  widely  from 
cold  oues  in  all  their  organic  forms;  but  the  difference  is  by  nu  means 
constant,  nor  does  it  bear  any  proportion  to  difference  of  temperature. 
Between  frigid  Canada  and  sub-tropical  Florida  there  are  less  marked 
diflerences  in  the  animal  i»roduction8  than  between  Florida  and  Cuba 
or  Yucatan,  so  much  morealike  iu  climate  and  so  macli  nearer  together." 
Be  states  further :  "The  eastern  United  States  possess  very  peculiar 
and  int«restiDg  plants  and  animals,  the  vegetation  becoming  more  lux- 
nriantas  we  go  south,  but  not  altering  iu  essential  character;  so  that 
when  we  reach  the  southern  extremity  of  Florida  we  still  And  ourselves 
in  the  midst  of  oaks,  sumacs,  magnolias,  vines,  an<l  other  charac- 
teristic forms  of  the  temperate  flora;  while  the  birds,  insects,  and  land- 
shells  are  almost  identical  with  those  found  &rther  north.  But  if  we 
now  cross  over  the  narrow  strait,  about  50  miles  wide,  which  separates 
Florida  from  the  Bahama  Islands,  we  And  ourselves  tn  a  totally  dif-  r 
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ferent  oomitry,  smronnded  by  a  vegetatioD  vhicli  is  essentially  tro[»cal 
tmd  generally  identical  with  tliat  of  Cuba.  The  change  in  most  Btrik 
ing,  because  there  is  no  difference  of  climate,  of  soil,  or  apijarently  of 
position,  to  accoont  for  it."    {Island  Life,  1880,  p.  5.) 

Let  us  examine  this  statement  with  some  care  to  see  if  the  factfl  war- 
rant the  assertions  and  conclaaions  of  the  anthor.  But  first  let  me 
protest  against  Wallace's  habit  of  contrasting  insular  faunas  with  tboee 
of  oontinuons  land  area,  in  his  efforts  to  miuimize  the  effects  of  climate. 
Id  most  cases  the  great  mt^rtty  of  forms  peculiar  to  an  island  have  no 
means  of  reaching  the  neaj'est  continuous  land,  but  in  the  preeeot 
instance,  as  will  be  shown  later,  the  proximity  of  Cuba  and  the  Bahamas 
to  Florida,  favored  by  the  direction  of  the  Gulf  Stream  and  the  preva- 
lence of  hurricanes  blowing  fi-om  the  Antilles  to  the  peuinsnla,  have 
enabled  a  mnltitode  of  West  Indian  plants,  insects,  birds,  and  even 
land  shells  to  reach  southern  Florida,  though  the  breadth  of  the  strait 
is  an  effective  bar  to  the  passage  of  terrestrial  mammals  and  reptiles. 

Wallace  boldly  tells  as,  without  attempt  at  qualification,  that  "be- 
tween Itigid  Canada  and  sub-tropical  Florida  there  are  less  marked  dif-  ' 
ferences  in  the  animal  productions  than  between  Florida  and  Cuba."  | 
Frigid  Canada,  in  eastern  North  America,  is  the  home  of  the  Eskimo, 
polar  bear,  musk  oxen,  reindeer,  lemmings,  marmots,  beavers,  mask-rabs 
porcupines,  wolverines,  sables,  shrews,  star-nosed  moles,  and  several 
other  mammals,  comprising  in  all  twenty  genera,  not  one  of  wbivli 
occurs  in  southern  Florida.'  Florida,on  the  otb<$^r  hand,  is  inhabited  l>y 
opossoms,  harvest-mice,  rice-field  mice,  cotton  rats,  wood  rats,  pocket 
gophers,  gray  foxes,  spotted  skunks,  big-eared  bats,  and  other  forms, 
representing  thirteen  genera  and  five  families  of  mammals  that  do  not 
occur  in  frigid  Canada.t  In  the  case  of  birds,  eastern  Canada  has 
twenty-six  genera  that  do  not  reach  Florida,  among  which  luay  be  nieii- 
tioned  ptarmigans,  grouse,  rough-legged  hawks,  golden  oagles,  great 
gray  owls,  snowy  uwts,  Acadian  owls,  hawk  owls,  tUree-toed  woodpeck- 
ers, Canada  jays,  ]>ine  bullfinches,  cross-bills,  linnets,  snow  bnntiDgs, 
titlarks,  winter  wrens,  kinglets,  and  stone  chats,}  while  Florida  has  ftt 

*  The  followiiig  twent)-  genera  of  mammals  iohahit  eastern  Canada,  bnt  dom  i>f 
them  reiich  euuthern  Florida:  Ranififer,  Alee,  Ovibon,  Tamiat,  SpermophUui,  ArcM^p. 
Caator,  Fiber,  JrvicoUi,  JCrotomyt,  Fhena>.omy»,  Myodet,  Cuniculitt,  Zaput,  &e(*iw«. 
TkaUtrctot,  (Sulo,  Muilela,  Condylnrn,  Seapanut,  Horex. 

iTlie  following  thirteen  genera  of  mummuls  inhabit  Florida,  bnt  uoneofllMO 
rearh  "fti^d  Canada:"  J>id«lphU,  StitlirodoiiUimgt,  Oryiamyi,  Sigmodon,  Sntom*, 
Geomyt,  Crocson,  Procgtm,  Spihgalt,  Cotynorhintu,  Xt/otic^m,  Ngclinomui,  OtopUm. 
Tho  five  fomilfes  are :  IHdtlphida,  Ge(nnyida,  Frocyimidtr,  BmbatUmnridie,  f  *f H*il^ 

t  The  following  twentf-siz  genera  of  birds  breed  in  ensteru  Canada,  bnt  none  of 
them  in  Florida:  Deiidragapu*,  Bonata,  Lagopiu,  Archibnleo,  Aguila,  Seoliapla,  Xff- 
tala,  A'yolM,  Sur»ia,  Pkoidet,  Spkyrapicttt,  Peritorevi,  Dalieh/myi,  FimkoUi,  Z«n*t 
AeaHthU,  Plrctropheuat,  Caleariiu,  Z<inoUrickia,  Jviioo,  Panerella,  AttUuu,  jMO'l^t*' 
CerlAlo,  £«au(««.  Saiicola.  ,  -~  i 
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lea«t  thirty-seven  genera  that  do  not  reach  Canada,  among  which  are 
quails,  tnrkeys,  doves  ot  Heveral  genera,  vnltures,  caracaras,  kites,  bam 
ftod  harrowing  owla,  parrots,  anis,  ivnry-billed  woodpeckers,  chuck- 
viUs-widows,  cardinals,  blue  grosbeaks,  yellow-breasted  chats,  mocking 
birds,  and  others.* 

Thirty  out  of  the  above  thirty-seven  genera  breed  ulso  in  the  West 
Indies. 

No  less  than  nine  tropical  American  genera  of  birds  inhabit  the  sub- 
tropical belt  of  Florida,  namely,  Zenaida,  Qeotrygon,  Starnwnas,  Eos- 
lrliamua,Polgborua,Crolopkaga,Euetheia,  Callichdidon,nndC€ereba.  The 
fbliowing  Antillean  species  and  sub-species  occur  in  the  same  area  and 
are  not  known  tmm  any  point  farther  north:  Colinus  virgimaiuis 
nbanensia,  Colutaba  teucoeephala,  Zenaida  zenaida,  Oeolrygon  marlinica, 
Starnanaa  cyanoeepkala,  Rostrhamus  gociabiliv,  Falco  dominicenstSy 
Speotyto  cunicularia  floridana,  Polyborus  cheriwaff,  VroU^kaga  ant, 
Voceyzus  mtnor  mat/nardi,  Agelaius  phceniceu*  bryanti,  Eiielkeia  Meolor, 
Ewtheia  canora,  Progne  cryptoleuca,  Petrochetidon  Jtava,  CallichetidoH 
q/anoriridia,  Vireo  altiUtquus  barbatuhig,  Ctereba  bahamensis.  In  addi- 
tion to  these  species,  the  following  are  reHtrict«d,  so  far  as  known,  to 
mathero  Florida:  Meleagria  galloparo  oseeola^  Chordeiles  virgitiianus 
ckapvlhni,  Cyanodtta  criatata  florineola,  Ammodramus  nigreaccnii,  Vireo 
toveboraceaait  maynardi,  Oeotklypia  trickas  ignota,  Tkryothorva  ludovt- 
cianiu  miamenaia,  Ciatothorua  mariana;  Sitta  carolinensiv  atUnsi. 

That  there  are  corresponding  difTerenees  among  insects  is  evident 
from  an  important  paper  by  Mr.  E.  A.  Schwarz  on  the  Insect  Fauna  of 
senii-tropical  Florida.  Mr.  Sehwarz  states:  **I  have  come  to  the  coo- 
closion  that  it  (the  semi-tropical  fauna  of  Florida)  is  entirely  of  West 
Indian  origin,  and  that  the  region  I  shall  hereafter  circumscribe  as 
eemi-tropical  Florida  does  not  cuntain  any  endemic  forms.  In  other 
vords,  the  distinctive  faana  of  southern  Florida  is  a  permanent  colony 
of  West  Indian  forms,  much  more  numerous  in  species  than  it  has 
hitherto  been  anpiH>sed,  the  number  in  CoUoptera  alone  amounting, 
according  to  a  very  low  estimate  based  upon  my  collection,  t«  at  least 
three  hundred  species  not  yet  in  our  catalogues."  {Entomologiea 
Americana,  iv,  No.  9,  1888.)  Since  the  above  was  published,  Mr. 
St^'bwarz  has  had  the  kindness  to  inform  me  that  this  semi-tropical 
ioseet  fauna  of  southern  Florida  comprises  in  all  not  less  thau  one 
tbonaaud  species  of  West  Indian  or  Antillean  insects  (of  which  about 

*  The  following  tbirty-Mven  geoent  of  birds  breed  iu  Florida,  btit  uooe  of  then 
rsiig«  Dortli  to  "  frigid  Cuiailit,"  tboagb  thirty  ont  of  tb«  thirty-seven  are  kuown  to 
breed  in  tbe  We«t  Indies :  Colinni,  MrleagrU,  Columba,  Zenatdara,  Zenaida,  ColHwbi' 
gaUiaa,  Oeotrygon,  StarniTHai,  Catkartei,  Catharieta,  Elanoidet,  Elamiu,  IcUnia,  Bot- 
Irkamiti,  Potsboriu,  Sfrix,  Sprotglo,  Conarut,  Crolophaga,  Campephilnt,  Jntr<niUimti$, 
ApitUitm»a,  Iclemt,  Ftmtaa,  Pipiio,  Cardinalii.  Guiraca,  Eiietheia,  Cerlhiola,  Vrotono- 
Uuia,  Htlinaia,  HetmJIbcrw,  lettria,  Mimai,  Harporliynchai,  TkrifotKorui,  I'otioplila. 

L:,y,l,.eu.,GOO^Ic 


406     GEOGRAPHIC  DISTKIBUTION  OP  LIFE  IN  NOETH  AMEEICA. 

half  are  Coleoptcra),  and  fifty  genera  of  Coleoptera  and  Heterofitrt 
alone;'  hence  the  total  uumber  of  genera  must  be  very  coosideraW 

Among  the  Molluscs,  Dr.  William  H.  Dall  informs  me  that  tventf 
Bpecies  or  specific  types  of  Antillean  land  shells  are  known  to  inhabit 
Boutbero  Florida,  representing  thirt«eii  genera  or  anb-geoera  not  fonud 
farther  oorth.t 

80  far  as  vegetation  is  concerned  the  case  is  even  stronger,  tiien 
being  upward  of  three  hundred  and  fifty  genera  of  plants  in  Florida 
that  do  nut  inhabit  Canada;  and  Prof.  Charles  S.  Sargent,  in  speakiui; 
of  the  trees  of  southern  Florida,  states:  "A  group  of  arboreswnt 
species  of  West  Indian  origin  occupies  the  narrow  strip  of  coast  aod 
islands  of  southern  Florida.  -  -  •  This  semitropical  fbreet  belt 
reaches  Cai)e  Malabar  on  the  east  coast  and  ths  shores  of  Tampa  Bay 
on  the  west  coast.  ■  ■  •  The  species  of  which  it  ia  composed  here 
reach  the  extreme  northern  limit  of  their  distribution;  they  are  gener- 
ally small,  stunted,  and  of  comparatively  little  valne.  Certain  species 
however  attain  respectable  proportions:  the  mahogany,  the  mutii-, 
the  royal  palm,  the  mangrove,  the  sea  grape,  the  Jamaica  dog-wood, 
the  maucbineel,  and  other  species  here  become  considerable  and  impor- 
tant trees."     {Forests  0/ North  Americay  Tenth  Census,  1884,  p.  6.) 

From  what  has  been  said,  it  appears  not  only  that  Wallace's^te- 
ment  that  "  between  frigid  Canada  and  sub-tropical  Florida  there  are 
less  marked  difi'ereuces  in  the  animal  productions  than  between  Florida 
and  Cuba  "  is  wholly  incorrect,  but  that  there  exists  iu  Florida  a  well 
marked  subtropical  fauna  and  fiora  consisting  in  the  main  (except io 
the  case  of  terrestrial  mammals  and  reptiles  which  could  not  reach  it) 
of  genera,  and  largely  of  species,  identical  with  those  of  Cuba.  This 
being  the  ease,  is  it  not  fair  to  tnrn  the  tables  and  ask  Wallace  wh« 
constitutes  the  barrier  that  so  effectually  holds  back  hundreds  of  genera 
and  a  multitnde  of  species  of  Antillean  or  tropical  American  plaoU, 
insects,  land  mollusks,  and  birds  now  inhabiting  subtropical  Floridal 

'  Mr.  Schwarz  has  kiodly  given  me  the  following  list  of  familiea  of  Out'*' 
Americnn  C(ilt>opter»,  iodicating  the  uumber  of  geoera  in  each  familf  known  U 
iobabit  aemitroptcal  Florida,  bat  not  found  elaenhere  in  North  America:  CaroM^i 
2  genera ;  Fhalaerida:,  1 ;  Cocointtlida,  1 ;  CueujidiB,  1 ;  MyeeUtpiutgida  1 ;  Elai^^' 
I;  Scarabaida,  2;  Cwamfcjfoiria',  5;  Chrsiometida,  i;  TenfbTio»\da,'i;  MonommiSfA' 
Otiorhyncliidw,  I;  Cureulionida-.G;  BrtHtkida,!  [this  in  the  only  genu*  irhich  n*^ 
pears  at  Cape  San  Lucas];  <ala»dridrF,  3;  Scolgtida;  3;  J»thnbidir,  2.  Hein&tw 
me  also  that  11  genera  of  tropical  Ameriran  Heteri>ptera  havj>  been  foood  in  ^ 
same  belt. 

t  The  forms  here  referred  to  are:  Strobita  hubbardU  Brown;  Belli  oa««  SJi^ 
rarian,  Mke. ;  Butinialai  mullilineal^  Say ;  KuHnulM  dormani  W.  O.  B. ;  OrlWiW 
undatM  Bmg;  Liguui  fattialui  Miiller;  Liguut  faadaliu  var.  Stenogfra  fiw'"*' 
I'fr. ;  Strnoggra  mbula  Pfr. ;  Maeroi-framnt  gotaei  ¥ft. ;  Maeroteramut  potHfif*  """ 
<alao  orenrs  in  TeiftH) ;  SIropbia  incaua  Iliou. ;  Auricula  peJlucaulStr.;  TVsta  ■'■■'■ 
eala  Dall;  Metampus  {Dflracio)  bHlloidea  Mont.;  Peiliptt  mirabilU  UaWS.;  MT* 
tlongaltu  Dall ;  Planorbit  lumidut  Pfr. ;  6>A<n-iitn  cabtntt  Horatet. 
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He  deep  arm  of  oceiin  between  Florida  and  Cuba  or  the  Bahamas  lias 
proved  ineffectaal  in  checkiDK  tlieir  dinpereious.  What  is  the  more 
potent  barrier  that  prevents  tlieir  northward  spread  along  the  continu- 
ous land  of  the  peninsnlaf  The  anNwer  in  summed  up  in  the  single 
vord  climate.  The  temi>eratiire  of  the  period  of  growth  and  reproduc- 
tion in  the  northern  parts  of  Cnba  and  the  Bahaman  is  the  same  as  in 
subtropical  Florida,  but  to  the  northward  it  falls  off  rapidly. 

Hespecting  Wallace's  statement  that  the  difference  between  the 
lannas  and  floras  of  bot  and  cold  countries  "  ia  by  no  means  constant," 
and  does  not  bear  "any  proportion  to  difference  of  temperature,"  it 
Deed  only  be  said  that  no  phenomenon  of  nature  is  more  constant;  and 
that  the  difiiereuces  observed  depend  directly  upon  temperatnre.  Presi- 
dent D.  9.  Jordan  has  said:  ^' In  many  groups,  anatomical  ebaracters 
afc  not  more  profound  or  of  longer  staiidiug  than  are  the  adaptations 
toheat  and  cold. "    (Popular  Science  Montily,  Aug.,  1890,  xxiTil,  p.  606.) 

That  '*  life  is  distributed  in  circnm-polar  zones,  which  conform  with 
the  climatic  iiones,  though  not  always  with  the  parallels  of  the  geog- 
rapher" is  a  law  recognized  by  Humboldt,  Wagner,  Agassiz,  Dana, 
De  Candolle,  Allen,  and  nearly  all  writers  on  distribution  except 
Wallace.  This  law  does  not  imply  that  the  same  species,  genera,  or 
higher  gronps  recur  under  the  same  degree  of  heat  in  disconnected 
land  areas-f-a  manifest  impossibility, — bat  that  well-marked  zones  of 
animal  and  plant  life  are  encountered  in  all  parts  of  the  earth  in  pass- 
ing from  the  poles  to  the  tropics;  that  they  owe  their  existence  to  con- 
stant differences  of  temperature,  and  that  in  continuous  land  areas 
each  zone  may  be  traced  completely  across  such  areas  (&om  ocean  to 
ocean  in  tbose  of  continental  magnitude),  Ibllowing  the  windings  of  the 
belts  of  equal  temperature  daring  the  period  of  reproductive  activity. 

Wallace  speaks  tlius  of  this  law  as  formulated  by  Allen:  "The 
aotbor  (J.  A.  Allen)  continually  refers  to  the  '  law  of  the  distribntiou 
of  life  in  circum-polar  zones,'  as  if  it  were  one  generally  accepted  and 
that  admits  of  no  dispute.  But  this  supposed '  law '  only  applies  to  the 
smaUest  detail  of  distribution — to  the  range  and  increasing  or  decreas- 
ing numbers  of  species  as  we  pass  from  north  to  soatb,  or  the  reverne; 
vhile  it  has  little  bearing  on  the  great  features  of  zoological  geogra- 
phy— the  limitations  of  groups  of  genera  and  families  to  certain  areas." 
[Oeog.  Diat.  of  Animals,  18T6,  vol.  i,  p.  67.)  Mr.  Allen  has  already 
pointed  out  the  weakness  of  this  criticism  (Bull,  U.  S.  Geol.  and  Qeog. 
Survey  Terr.,  Kay,  1878,  vol.  it.  So.  2,  326),  and  I  would  like  to  add  a 
word  respecting  the  extraordinary  statement  that  circum-polar  distri- 
bution affects  species  only,  having  "  little  bearing  "  on  the  "  limitations 
of  groups  of  genera  and  families."  In  refiitatiou  of  this  fallacy  it  is 
hardly  necessary  to  do  more  than  call  attention  to  the  circumstance 
that  the  trans-continental  Sonoran  region  of  North  America  is  distjn- 
gniBhed  trnta  the  Boreal  by  the  possession  of  seven  families  and  thirty- 


L,,  Google 


408     GEOGRAPHIC  DISTKrBUTION  OF  LIFE  IH  NORTH  AMBHICA. 

four  genera  of  mammals  alone,"  and  the  North  American  Tropical  from 
the  Sonoran  by  ten  families  and  upwards  of  fitly  genera;  while  the 
Ainericau  Boreal  differs  from  the  Eurasian  Boreal  by  the  possession  of 
bot  a  single  family  and  only  eight  genera. 

HOUNTAtNS   AH  BARBIBBS  TO   DISPERSION. 

Wallace  makes  the  surpriHing  statement  that  on  the  two  sides  of  the 
Bocky  mountains  in  America  "  almost  all  the  mammalia,  birds,  and 
insects  are  of  distinct  species,"! — a  statement  that  is  wholly  notrae,  as 
has  been  long  known  to  American  naturalists.  In  another  place  lie 
makes  the  general  statement  that  moantains,  "  when  rising  to  a,  great 
height  in  anbroken  ranges,  form  an  impassable  barrier  to  many  gronps.'' 
No  instance  of  this  kind  is  knoyu  in  North  America.  Even  in  the  liigb 
Sierra  iu  California  nearly  all  of  the  families,  genera,  and  epecies  occur 
on  the  east  slope  as  well  as  on'^he  west,  notwithstanding  the  great  alti- 
tnde  this  lofty  range  maintains  for  a  considerable  distance.^  The  expla- 
nation of  the  similarity  or  identity  of  the  species  on  the  two  sides  of  all 
onr  mountain  systems  is  that  similar  or  identical  climatic  zones  occur 
on  both  sides,  between  which  avenues  of  communication  exist  or  have 
existed  by  means  of  passes,  either  through  the  ranges  themselves  or  at 
oneendorthe  other.  In  their  continuity,  however,  lofty  monnbun 
ranges  do  act  as  barriers  to  the  spread  of  species  lixim  lowerSevels,  but 
they  do  so  indirectly  by  their  effects  uijou  climate — by  interposing  an 
arctic  zone  in  which  the  species  of  lower  latitudes  can  not  live.  On  the 
other  hand,  this  same  arctic-alpine  climate  enables  many  polar  species 
to  thrive  in  regions  two  or  three  thousand  miles  sonth  of  their  normal 
contiaental  homes. 

The  great  Himalaya  has  little  or  no  influence  in  bringing  aboat  the 
really  enormous  differences  that  exist  between  the  faunas  and  floras  of 
the  plains  on  its  two  sides,  for  these  dissimilarities  are  dne  primarily  to 
the  great  difference  of  temperature  resulting  from  uner)ua)  base  level, 
the  Thibetan  plateau  on  the  north  being  several  thousand  feet  bigber 
than  the  plain  on  the  south. 


Wallace,  in  common  with  most  recent  writers,  divides  the  UnitMl 
States  into  eastern,  central,  or  Bocky  mountain,  and  Pacific  or  Odi- 

*Tlie8egenerBi|are:  Didelpkii,  DiootyJet,  Cariaeut,  Antilocapra,  Ofnomsi,Britkrodn' 
tomgi,  Ony<iham3$,  Orysomyt,  Sigi»edon,  Neotoma,  Qeomyi,  Thamongi,  IHpodmf, 
Peroiipu*,  Microdipodopi,  Perognalhus,  Eelfromy»,  Feli),  I'roeyon,  Procgoyi,  Baatarimi, 
Taxidea,  Conepatut,  JUepkiiit,  Spiiogale,  Notioaorex,  Sealopt,  CorgnorhlnHi,  Emierm*, 
Anlrozout,  ifj/cticejua,  Moloiiua,  NgctiHomout,  and  Otoplerut.  Five  of  tbea«  geiwn 
have  each  a  species  reof  biof;  a  short  diNtanre  into  tlio  Boutliuru  edge  of  the  Bonsl 
regiou,  Dkmely,  Cariaem,  Neotoma,  Fetii,  Procgtm,  nnd  JUephilis. 

I  Qi«g.  Dist.  of  Aaimals,  1876,  i,  p.  6. 

t  For  320  kilomotera  (200  miles)  the  Sii-rra  Nevii<l:i  iiiuimtaius  niaintaiii  an  elaT>- 
a<n)of3,100  to  1,600  met«ra  (12,000  to  lu,000  toot). 
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rornian  "Bub-regions."  He  admits  that  theeastem  diyisiOD  U  chsract«r- 
ized  by  but  a  single  mammalian  geans,  namely,  the  BtAr-nosed  mole 
{Cimdplura). 

lu  characterizing  the  so-called  central  or  Rocky  mountain  sub-re- 
fp'oD,  he  states  that  the  prong-homed  antelope,  the  mountain  goat,  the 
tbc  Dinnntaio  »]ieep,  and  the  prairie  dog  are  peculiar  to  it,  forgetting 
that  the  antelope  ranges  from  the  Mexican  plateau  northward  over  the 
Great  plaios  and  Great  basin,  aud  westwar^l  over  inucli  of  California; 
that  tlie  mountain  goat  inh'  bits  British  Columbia  and  the  Cascade 
range  as  well  as  the  Rocky  mountaius;  that  the  nionntain  sheeji  is 
common  in- the  High  Sierra  in  California  and  ranges  northward  to  the 
Arctic  Circle  in  Alaska;  leaving  the  prairie  dog  as  the  only  one  con- 
fined to  the  region. 

The  Pacific  or  "  Califoruian  sub-region  *'  he  defines  as  *'  the  compar- 
atively narrow  strip  of  country  between  the  Sierra  Nevada  and  the 
I'acific.  To  the  north  it  may  include  Vancouver's  Island  and  the 
aonthem  part  of  British  Columbia."  Under  the  head  of  the  mammalia 
of  this  area,  he  enumerates  eight  genera  as  "  not  found  in  any  other 
part  of  the  Nearctic  region,"  namely,  Macrotus,  Antrozous,  Urotrichus, 
Xeosorex,  Baaaarix,  Enhydra,  Mormtga,  and  Haploodon.  A  more  erro- 
neous statement  could  hardly  lie  made.  Of  the  two  pelagic  genera, 
Morunga  and  Enhgdra  [  =  TmUix  ],  the  former  does  not  enter  the  region 
at  all  and  the  latter  barely  reaehes  it;  while  of  the  non-pelagic  genera 
three,  Maerotua  [=  Otopterug],  Antrozous,  and  Baasaria  [=  Baasa- 
riacua],  range  over  the  Souoian  region  f^m  Texas  and  the  Mexican 
plateau  across  Kew  Mexico,  Arizona,  and  parts  of  southern  Nevada 
and  California,  and  the  sub-genus  Neoaorex  occurs  over  pretty  much 
the  whole  of  Boreal  America  from  the  Atlantic  to  the  Pacific.  The 
tvo  remaining  genera  only  are  confined  to  the  Califoroian  division, 
namely,  Urotrichua  [=  Neurotrickus]  and  Haploodon  lakAplodontia]. 
Both  are  isolated  types,  inhabiting  the  Pacific  c^ast  country  from 
Qortheni  California  to  British  Columbia  (the  latter  having  no  near  rela- 
tive in  any  part  of  the  world,  the  former  closely  related  to  genera  now 
living  in  eastern  Asia). 

Hence  it  appears,  so  far  as  the  mammalia  are  concerned,  that  these 
three  supposed  primary  subdivisions  of  North  America  rest  up<m  a 
misconception  of  fact,  the  Galifornian  division  possessing  two  peculiar 
genera,  and  the  eastern  and  central  divisions  bat  a  single  peculiar 
geuus  each, — a  quantity  of  difTerence  it  would  be  absurd  to  recognize 
as  of  sufficient  weight  to  warrant  the  erection  of  zoo-geographical 
divisions. 

In  a  conununication  alreaily  referred  to  [Xorth  Attierican  Fauna,  No. 
3,  September,  1890)  I  stated  the  conclusion  that  the  commonly  accepted 
division  of  the  United  SttUes  into  eastern,  middle,  and  western  prov- 
inces had  no  existence  in  nature,  and  that  "the  whole  of  extra-tropical 
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North  America  (the  Searctic  region  of  Sclater  and  Wallace)  cousist»  of 
bnt  two  primary  life  regioD»;  a  boreal  region,  which  ia  circompolv, 
and  a  Sonoran  or  Mexican  table-land  region,  which  is  noiqae."  The 
sacalled  eastern  province  is  mainly  of  Sonoran  derivation,  comprisiDg 
the  humid  divisions  of  the  Lower  Sonoran  and  Upper  Sonoran  zones 
( Anstro-riparian  and  Carolinian  faunas),  and  of  the  transitioD  or  DentrsI 
belt,  commonly  known  among  ornithologists  as  the  Alleghanian  fonna. 
It  contains  also  a  southward  extension  of  the  boreal  region  along  tlie 
Appalachian  mountain  system,  mainly  in  the  form  of  isolated  islands. 

The  so-called  central  region  in  like  manner  is  made  up  of  a  southward 
extension  of  the  boreal  region  along  the  Bocky  mountain  plateau,  inclosed 
between  two  northward  prolongations  of  the  arid  Sonoran,  the  one 
occupying  the  Qreat  plains,  the  other  the  Great  basin. 

The  Bo-called  Pacific  or  western  prorince  consists  of  a  southward 
extension  of  the  boreal  region,  which  Anally  bifarcates,  sending  a  long 
arm  south  over  the  Cascade  range  and  the  Sierra  Nevada,  and  a  sec- 
ondary and  shorter  arm  along  the  Pacific  coast,  north  of  San  Francisco, 
together  with  a  Sonoran  element,  which  covers  nearly  the  whole  south- 
ern part  of  the  state,  and  reaches  north  in  the  San  Joaquin  and  Sacra- 
mento valleys. 

PALSAECTIC   AND  NEAEOTIC  EEQIONS. 

It  is  no  part  of  the  purpose  of  the  present  address  to  discuss  the 
distribution  of  life  outside  of  our  own  continent,  but  it  so  happens 
that  the  Boreal  element  in  America  resembles  that  of  Eurasia  so  closely 
that  in  the  judgment  of  many  eminent  authorities  the  two  conBtitnt« 
bnt  a  single  primary  region,  a  view  in  which  I  heartily  concur.  This 
arrangement  is  antagonistic  to  that  proposed  by  Sclater*  in  1857,  and 
adopted  with  slight  modification  by  Wallace.  Sclater  considers  tlie 
whole  of  extra-tropical  North  America  as  constttnttug  a  single  region, 
Ttpon  which  he  bestowed  the  name  Searctic,  in  contra-distinctiou  to  the 
corresponding  part  of  Eurasia,  which  he  named  PaifearcHc,  believing 
the  two  to  be  distinct  primary  regions. 

Wallace,  the  great  champion  of  Sclater's  Palffiarctic  and  Nearctie 
regions,  says  of  the  former  in  his  most  recent  work  on  geographic  dis- 
tribution: "Taking  first  the  mammalia,  we  find  this  region  is  distin- 
guished by  its  possession  of  the  enti  re  family  of  TalpiSw  or  Moles,  caa- 
sistiog  of  8  genera  and  16  species,  all  of  which  are  eoitf  ned  to  it,  except 
one,  which  is  found  in  northwest  America,  and  two  which  extend  to 
Assam  and  Formosa."  (Island  Life,  1880,  U.)  How  he  could  have 
made  such  an  erroneous  statement  is  hard  to  understand,  in  view  of 
the  well  known  fact  that  3  genera  of  moIe»  inhabit  eastern  North 
America  and  2  the  Pacific  coast  region ;  and  it  is  the  more  strange 

.Xiiia.5i>c.(Z(iol.)  (for  185T),  1858,  n,130-I4.'i;  and  ftgMD,  with  M>me  ftlun- 
hit,  18QL,  alxtli  series,  tii,  SU-KT.  /-~  i 
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since  od  another  page  of  the  same  woik  he  stat«K  that  there  are  three 
peculiar  geuera  of  moletj  in  North  America* 

He  8tat«B  further:  "Amoug  carnivorous  animals  the  lynxes  (nine 
species)  and  the  badgers  (two  speciei<)  are  |>eculiar  to  it  [the  Palxarctic 
region]  in  the  old  world,  while  in  the  new  the  lynses  are  found  only  in 
the  colder  regions  of  Nortlt  America"  {Island  Life,  1880,41),  thus 
impl3riiig  that  there  are  no  badgers  in  Kortli  America,  and  ignoring  the 
presence  of  lynjces  all  along  the  southern  border  of  the  United  States 
fifom  Florida  and  Texas  to  southern  California.  Continning,  he  men- 
tions a  number  of  groups  which,  he  saytt,  "  have  only  a  few  species  else- 
where." Among  these  are  the  "voles,  dormice,  and  pikas."  Pikas 
inhabit  the  moautains  of  western  Canada  and  range  south  iu  the  Cas- 
cades and  High  Sierra  to  southern  California,  and  in  the  Eocky  Moun- 
tains to  Colorado.  They  have  been  reported  also  from  the  high  moun- 
tains of  Lower  California  in  Mexico.  The  group  of  voles  or  ArvicoUtuef 
exclusive  of  the  lemmings,  is  represented  in  Boreal  2Iorth  America  by 
not  less  than  four  genera,  five  sub-genera,  and  nearly  fifty  species.  It 
is  only  foir  to  add,  however,  that  some  of  these  have  been  described 
since  Wallace's  bottk  was  written. 

"The  Nearctic  region  is  ho  similar  to  the  Faleearctic  in  position  and 
climate,"  he  admits,  "  and  the  two  so  closely  approach  each  other  at 
Bering  Strait  that  we  can  not  wonder  at  their  being  a  certain  amonnt 
of  similarity  between  them, — a  similarity  which  some  natnralists  have 
80 far  over-estimated  as  to  think  that  the  two  regions  ought  to  be  united." 
AJler  enumerating  a  number  of  mammals  common  to  the  two  he  goes 
on  to  say :  "  We  undoubtedly  And  a  very  close  resemblance  between 
the  two  regions,  and  if  this  were  all,  we  should  have  great  difficulty  in 
separating  them.  But  along  with  these  we  find  another  set  of  mam- 
mals, not  qaite  so  conspicnons  bat  nevertheless  very  important.  We 
bare  first,  three  peculiar  geuera  of  moles,  one  of  which,  the  star-nosed 
mole,  is  a  most  extraordinary  creature,  quite  unlike  anything  else. 
Then  there  are  three  genera  of  the  weasel  family,  including  the  well- 
known  skunk  (Mepkita),  all  quite  different  from  eastern  forms.  Then 
we  come  to  a  peculiar  family  of  carnivora,  the  raccoons,  very  distiuct 
from  anything  in  Europe  or  Asia ;  and  in  the  Itocky  Mountains  we  find 
the  prong-homed  antelope  (Antilocapra)  and  the  mountain  goat  of  the 
trappers  (Aplocerna  [  =  Mazama]),  both  peculiar  genera.  Coming  to 
the  rodents,  we  find  that  the  mice  of  America  differ  in  some  dental 
peculiarities  from  those  of  the  rest  of  the  worM,  and  thus  form  several 

'  Id  Ilia  earlier  work  lie  aays:  "  Condj/lara  (onu  upecieB),  the  star-nnscil  mole,  iii- 
baVi til  eastern  North  Auieriva  from  Nova  Scotia  lo  I'unDsylvaiiia ;  Srapanui  (two 
Kpeciet)  ranges  acrnsa  froin  New  Vork  to  Kan  Praiieixeo ;  Ni-alopn  (three  species),  the 
sbrewmoleH,  range  from  Mexico  to  the  Gri^at  Lakps.  -  -  -  I'rotrichHt  \a  a  ahrew- 
like  mole  which  inhabits  Japan,  ami  a  second  H|>ecie:i  }ias  been  discovered  in  tlte 
monntAiua  of  BritiBh  Culiinbia."    (Geog.  Ditt.  of  Jnimati,  l«7fi,  ii,  190.) 
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distinct  genera;  the  jumping  mouse  {Xapug  [=Zapiu])  is  a  peculiar 
form  of  the  jerboa  family;  and  then  we  come  to  the  ponched  rats  CTm- 
mifidip),  a  very  carious  family  consisting  of  four  genera  and  niDetcen 
Hpe4:)(>R,  peculiar  to  Kortli  Ainerit^  though  not  confined  to  the  Kearc- 
ti<;  n-gion.  The  prairie  dogs  [Cyitomys),  the  ti-ee  porcupine  (BretXizm). 
the  irnriona  sewellel  {Haphodon  [=Aplodontin]),  aud  the  opossum 
(IHdelphiH)  complete  the  list  uf  peculiar  mammalia  which  distingaish 
tlie  northern  region  of  the  New  World  from  that  of  the  Old,"  (hlani 
lAfe,  p.  48.) 

As  already  shown  in  au  earlier  part  of  the  present  essay,  most  of 
these  genera  and  several  of  the  families  belong  to  the  austral  or 
Boiioran  region  and  have  no  place  in  the  Boreal  tauua — the  only  one 
that  can  he  compared  with  the  fauna  of  northern  Eurasia.  As  a  mat- 
ter of  fact,  eighty-one  genera  of  non-pelagic  mamirials  are  now  recog- 
nized in  "extra-tropical"  North  America — the  so-called  Kearctic  region. 
Of  this  number  forty-one  are  fouiid  in  no  other  part  of  the  world.* 
These  genera  are  enumerated  in  the  following  table,  which  brings  oat 
the  important  fact  that  no  less  than  thirty -two,  or  78  per  cent,  are  of 
8ouuran  or  austral  origin,  while  only  nine,  or  23  per  cent,  are  of  Boreal 
origin.  Of  these  nine  genera  now  confined  to  North  America,  Ovi6of 
inhal)itcd  polar  Eurasia  in  Pleistocene  times;  Seurotrickvif  is  not  recog- 
nized by  Flower  aud  Lydekker  as  more  than  sub-generically  separable 
f^>ni  Vrolriehus  of  Japan,  and  Synaptomys  is  not  known  except  &om 
the  Transition  zone  of  the  United  States  and  is  here  classed  as  Boreal 
bet^ause  of  its  close  relationship  to  the  trans-continental  Boreal  genus 
Myodes.  Omitting  these  three.  Boreal  North  America  has  bat  six 
genera  of  mammals  not  known  from  Boreal  Eurasia. 


reculiar 

ntra  of  mammah  iiihab 

lingXorlh  Jmertt 

<t  north  vf  Mexico. 

or    BORKAL   OR.O.N. 

Maziuna. 

Fiber. 

Zapas. 

NeurotrichuB 

OviboH. 

Synapturays. 

Kretbizoii. 

Condylnra. 

Aplodontiii. 

CarUcna. 

Neutomii. 

Crocyoii. 

Scapanua. 

Antilocapra. 

Bnaaariscus. 

Itlarina. 

Cyiiomys. 

apo(ny«. 

Taiidea. 

Aatrozoiis. 

Rcitlirodoiibiniyx 

I>i|>oilomya. 

t'oiieiiatiis. 

Nyctk..juK. 

Sttumys. 

I'urMlipiui. 

M.-pIiitiB. 

litop  tenia. 

Oryzomys. 

Mii^rmlipiKlopo. 

Ciirynorlii  11118 

Perogniithiis. 

Notioaurex. 

Eudi^rmn. 

Heter..my«. 

SralopK, 

Atnlapha. 

■Tli.'iutTii«lv. 

KPiM-ru  IlidilphU,  TatH 

ia,  Dicotglen,  Fyacyan.  .V««ini,  hdiI  M 

wlil.liur.M'l.'iirl> 

of  South  Aniprirai.  iirigiu.  iir.i  not  here  i 
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On  the  other  haod,  oat  of  the  tliirty-oue  Boreal  geoera  uf  ;Xorth  Ameri- 
can Diammals  the  following,  twenty-four  geuera  or  77  per  cent,  arc  com- 
moD  to  Boreal  America  and  Boreal  Eurasia: 


CervuB. 

Aretoniys, 

Lutreolft. 

KMigfer. 

Castor. 

Lftgomys. 

Fatoriua. 

Alee. 

Vulpos. 

OriB. 

Ureus. 

Uulo. 

Biion. 

ArvicoU. 

TUalnrctos. 

8orei. 

Tunias. 

Myodes. 

Latax. 

Urotrichu 

In  addition  to  the  foregoing  genera,  which  are  clearly  of  Boreal  ori- 
gin, the  following  twelve  genera  of  more  extended  range  are  also  com- 
mon to  the  two  continents: 


6ciiiropt«nu. 

LepQB. 

FeliB. 

VeapertiHo. 

ScinniB. 

CanU. 

Lynx. 

Flecotna-f 

SpennopbilOB. 

Lutra. 

Vosperugo. 

Nyctinomns, 

Most  of  tbeae  genera  are  known  to  be  of  fireat  antiquity,  their  remains 
baWng  be«n  fonnd  in  Miocene  strata,  and  it  is  probable  that  the  others 
belong  to  the  same  category,  but  have  thus  far  escaped  dete<!tion,  owing 
to  their  very  small  size.  All  of  them  attain  tlieir  maximum  development 
and  numbers  in  the  Sonoran  region  in  America  and  the  analogoeof  the 
Sonoran  in  Eurasia;  but  by  reason  of  the  great  length  of  time  that  has 
elapsed  since  they  came  into  existence  some  of  their  representatives 
bavo  become  acclimated  to  a  wide  range  of  climatic  conditions. 

Dr.  John  L.  Le  Gnnte,  in  his  report  on  the  Oolenptera  of  Iiake  Supe- 
rior, said :  "The  ent^tmologist  can  not  t^il  to  be  struck  with  two  very 
remarkable  characters  displayed  by  the  insect  fauna  of  these  northern' 
regions.  First,  the  entire  absence  of  all  those  groups  which  arts  peculiar 
to  tlieAmerican  continent  [i.  e.,  Sonoran  and  Tropical  groups].  -  -  - 
The  few  new  genera  which  I  have  ventured  to  establish  are  not  to  be 
regarded  as  exceptions.  They  are  all  closely  allied  to  European  forms, 
and  by  no  means  members  of  groups  exclusively  American. 

"Secondly,  the  deficiency  caused  by  the  disappearance  of  character- 
istic forms  is  obviated  by  a  large  increase  of  the  members  of  genera 
feebly  represented  in  the  more  temperate  regions,  and  also  by  the  intro- 
duction of  many  genera  heretotbre  regarded  as  confined  to  the  northern 
part  of  Europe  and  Asia.  Among  these  latter  are  many  species  which 
can  be  distingnished  f^om  their  foreign  analogues  only  by  the  most 
careful  examination.    This  parallelism  is  sometimets  most  exact,  nin- 

'  As  stated  above.  Flower  aod  Lydekker  do  not  recognizii  the  Aniericaa  auimal  aa 
generically  dixtiact  from  UrotHehuii,  While  I  agree  with  Dobson  in  accurding  it 
genetic  rank,  it  in  convenieat,  in  atiidyiog  tlie  origin  of  groups,  to  liriug  together 
such  closely  related  types. 

(The  American  species  of  Plrcotun  are  neparated  generiilly  by  Dr.  Uartison  Allen 
DDder  the  name  Corynorlii«H>,  which  in  adopted  by  the  writer.  The  more  compie- 
henaive  name  Fhootui  ia  here  used  for  the  reasoa  Just  stated  (mder  UrolrUkiu. 
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ning  not  merely  throagU  the  genera,  bat  even  tbroagh  the  respective 
species  of  which  they  are  composed."    (Lake  Superior,  1850,  239,  240.) 

W,  F.  Kirby,  in  a  pai>er  "On  the  Geographical  Distribution  of  the 
Diurnal  Li>pidoptera  as  compared  vitli  that  of  Birds,**  states :  "  Had  I 
been  dealing  with  Lepidoptera  only,  I  would  certainly  have  anit«d  Dr. 
Sclater'a  ' Pal»arctic  region '  and  'Nearctic  region;'  for  although  tlie 
species  of  North  American  RUopalocera  are  seldom  ideniical  with  those 
of  northern  Asia  and  Europe,  still  the  genera  are  the  same  with  scarcely 
an  exception,  except  a  few  representatives  of  South  Amerieau  genera, 
which  have  no  more  right  to  be  considered  Nearctic  species  than  the 
similar  chance  representatires  of  African  forms  in  north  AfHcs  or 
southwest  Europe,  or  of  Indian  forms  in  southeast  Europe  have  to  be 
cousidered  Palfearctic  si)ecies."  {Journ,  Linnean  8oc.,  London,  ZdoL, 
1873,  432.) 

It  now  becomes  oyident  that  the  so  called  Paliearctic  and  Nearctic 
regions  are  the  result,  in  each  case,  of  confounding  and  combining  two 
wholly  distinct  regions — the  Boreal  with  the  Sonoran  in  America  and  the 
Boreal  with  the  analogue  of  the  Sonoran  in  Kurasia.  Eliminating  these 
austral  elements  as  wholly  foreign  to  the  region  to  which  they  have  beeu 
so  persistently  attached,  there  remains  a  single  great  circum-polar 
Boreal  region  characterized  by  a  remarkably  homogeneous  fauna,  cover- 
ing tlie  northern  parts  of  America  and  Eurasia. 

Oope  has  shown  that  the  chief  differences  between  Boreal  America 
and  Boreal  Eurasia  are  found  among  the  fishes  and  batrachians, — ani- 
mals living  wholly  or  in  part  in  water.  Now,  it  can  not  be  insisted  too 
.  strongly  that  while  the  chief  factor  in  the  distribution  of  aquatic  animals 
and  plants  is  teni{>eratare,  as  has  been  long  acknowledged,  yet  from 
the  very  nature  of  the  case  the  resulting  life  regions  must  be  different, 
the  one  supplementing  or  being  the  complement  of  the  other ;  for,  water 
Iteing  the  medium  in  which  the  species  live,  the  bodies  of  water  witii 
their  prolongations  and  extensions,  as  bays,  rivers,  and  lakes,  most  be 
stuilied  as  entities,  just  as  we  study  a  continent  with  its  peninsulas  and 
outlying  islands,  the  means  of  access  to  a  given  body  of  water  being 
the  principal  factor  in  determining  the  water  area  to  which  its  aquatic 
life  belongs.  And  it  should  be  remarked  that  aquatic  mammals  (as 
seals  aud  cetaceans),  and  aquatic  birds  (as  ducks  and  gulls),  conform 

'■■  *' '■■  '"  the  laws  and  areas  of  aquatic  distribution,  and  should 

nto  account  in  studying  the  distribation  of  t«rreBtria) 

with  much  truth :  "  There  appears  to  be  a  total  want  of 
reen  the  inland  aud  marine  faunas,  and  a  positive  in- 
iven  roiitrastjbetwpen  the  two."   {Proc.  Bial,  floe.  Waih., 
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FmiTOIPl.ES  ON    WHICH    BIO-UEOGBA.PHIC    REGIONS  SHOULD  BE  ES- 
TABLISHED. 

Wallace,  ia  writing  of  the  principles  on  which  zoological  regions 
should  be  formed,  expresses  the  opinion  that  "convenience,  iiitelligi- 
bility,  and  custom  shoald  largely  gaide  uh.^  But  I  quite  agree  with 
America's  most  distinguished  and  philosophic  writer  on  distribution, 
Dr.  J.  A.  Allen,  that  in  marking  off  the  life  regions  and  sub-regions  of 
the  earth,  truth  should  not  be  siwriflced  to  convenience;  aud  I  see  no 
reason  why  a  homogeneous  circiim-polar  fauna  of  great  geographic 
extent  should  be  split  up  into  primary  regions  possessing  comparatively 
ftw  peculiar  types  simply  because  a  water  separation  happens  to  exist 
ia  the  present  geologic  i>eriod;  nor  is  it  evident  why  one  of  the  re- 
sulting feeble  divisions  should  be  granted  higher  rank  than  a  region  of 
ntach  less  geographic  extent  comprising  several  times  as  many  peculiar 
types.  Hence  the  divisions  here  recognized,  and  the  rank  assigned 
them,  are  based  as  far  as  possible  iijwn  the  relative  numbers  of  distinc- 
tive types  of  muumalH,  birdi:*,  reptiles,  aud  plants  they  contain,  with 
due  reference  to  the  steady  multiplication  of  sitecies,  genera,  aud  higher 
groups  from  the  poles  toward  the  tropics.  Mammals  have  been  chiefly 
nsed  as  illustrations  becanse  they  answer  the  puri)ose  better  than  any 
other  single  group,  and  because  it  is  clearly  impossible  in  a  brief  essay 
of  this  character  to  eonmerate  such  a  multitude  of  forms  as  would  be 
necessary  were  equal  cousideratiou  accorded  to  each  class. 


itized  by  Google 


D,„i,i.aB,  Google 


THE  CORBIN  GAME  PARK.- 


By  John  B.  Speabs, 


I. 

Here  is  an  interesting  stndy  in  human  nature;  a  pictnre  of  the  incep- 
tion and  groTth  of  an  enterprise  of  great  moment  to  the  naturalist  and 
the  sportsman,  and  of  interest  to  everyone.  Six  years  ago  a  friend 
presented  to  Anstin  Corbiii,  the  well-known  railroad  man,  a  few  young 
deer.  Mr  Corbin  accepted  them,  and  having  a  great  country  seat  that 
included  many  acres  of  woods  as  well  as  cleared  fields  out  on  Long 
Island,  he  caused  a  part  of  the  woods  to  be  suitably  fenced,  and  turned 
the  deer  into  the  inclosure.  Mr.  Corbin,  iit  that  time,  was  neither  a 
sportsman  nor  a  naturalist,  in  the  sense  in  which  these  torms  are  gen- 
erally anderstood.  He  had  no  especial  interest  in  n'ild  animals  of  any 
kind.  Nevertheless,  as  a  lad  he  bad  lived  oo  a  farm  in  l!few  Hampshire, 
among  the  foothills  of  the  White  Moantains,  and  bad  trapped  wood- 
clmcka,  and  shot  partridges  and  chased  foxes,  and  tbe  good  healthy 
deUgbts  of  those  days  lingered  in  bis  memory.  Small  wonder  then  that 
the  gentle  pets  his  friend  had  given  to  him  won  their  way  into  bis  affec- 
tions from  the  moment  they  became  his.  It  was  a  new  pleasure — some- 
thing he  bad  never  known  before, — to  go  and  watoh  their  graceful 
motions  and  gaze  upon  the  beauty  of  their  forms.  Moreover,  Mr.  Corbin 
had  a  son,  and  Austin  junior  was  as  much  delighted  with  the  pets  as 
his  father. 

There  was  ample  room  on  tbe  Long  Island  farm  for  more  than  tbe 
few  deer,  and  tbe  Corbins  decided  that  more  should  be  had.  This  led 
to  the  examination  of  sundry  books  on  the  subject  of  deer  culture,  if  one 
may  use  tbe  term,  books  like  Judge  Caton'n,  for  instance,  while  the 
Forest  and  Stream,  and  other  periodicals  were  necessarily  read  regu- 
larly. Certainly  the  love  of  natnre  grows  wilh  what  it  feeds  upon,  if 
any  emotion  of  the  heart  does.  If  deer  could  be  kept,  why  not  deer's 
cousins,  tbe  elk,  tbe  moose,  the  antelope,  and  the  buffalo, — especially 
the  buffalo! 


■  Yrom  Forett  and  Stream,  for  March  12,  1891,  and  May  26,  1892. 
H.  Mi.,  334,  pt  1—27  ........CWOgIc 
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Mr.  Corbio  liad  livtMl  in  Iowa  when  a  young  man,  and  iu  the  difn 
Tben  the  herds  of  buffalo  ou  the  plains  of  Nebraska,  Kansas,  aadTeiw 
uombered  untold  thonsaudR.  It  was  a  great  pity  that  snch  nuble  ani- 
mals were  likely  to  be^-onie  extinct,  and  the  Sorbins  determined  to  join 
in  the  effort  to  i>erpetaat«  the  Kpet^'ies.  They  had  began  with  a  few 
deer,  and  they  added  the  elk.  the  antelope,  aud  the  baffalo,  and  Ukd 
it  became  apparent  that  the  Long  Island  estate  was  too  small  fot  Q« 
fntper  care  of  these  animals,  or  at  least  for  the  care  which  the  ownm 
desired  to  give  them. 

It  is  to  be  particularly  noticed  that  the  Long  Island  estate  was  not 
mited  to  the  sort  of  care  that  the  Corbins  wished  the  animals  to  have. 
From  earing  for  the  few  pets  hatl  grown  the  desire  to  rear  heids  trf 
the^  animals  under  such  conditions  of  freedom  as  would  leave  tbm 
with  all  their  natural  chaRU'teristics.  A  pet  deer  was  beautifol,  bat 
it  was  not  the  deer  of  the  \nld  woods  after  alL  A  pure  bred  buffik 
in  a  baru-yard  was  in  tiK't  a  buflalo,  bnt  he  was  too  much  like  a  Dur 
ham  ball  to  be  perfectly  satisiiActory,  On  the  Long  Island  farm  the 
auimals  could  scaicely  become  anything  more  than  pets. 

So  the  thoughts  of  the  elder  Corbiu  went  back  to  the  days  of  \ai 
youth  aud  the  foothills  of  the  White  Mountains.  As  most  of  onr  lead- 
ers know,  there  is  plenty  of  laud  iu  New  Hampshire  that  is  just  u 
wild  now  as  it  was  when  Hud^^m  first  looked  on  the  gronntl  where  tiu 
statue  of  liberty  now  stands.  There  wa$  a  deal  of  it  in  Sullivan  Coaut;. 
perhaps  not  the  wildest  iu  the  State,  bnt  certainly  a  plenty  of  nnbrokeo 
ton»t  that  i<overed  hills  and  valleys  and  surrounded  little  lakes,  for- 
ests of  birch  and  bcet^'h,  and  maple  and  pine,  and  spruce  and  hemlock, 
and  bals^uu, — forests  beautiful  and  fragrant  enough  to  give  a  city  mas 
the  heartache  when  he  tbiuks  of  them. 

Mr.  Corhin  determine^l  to  bny  from  I'O.OOO  to  30,000  acres  of  these 
bills  and  valleys  an<l  ther^  establish  a  park  for  his  new-found  foor- 
fboted  friends  in  which  they  would  find  the  conditions  as  near  those  as 
possible  to  which  they  were  best  suited.  Mr.  Corbin  erentnally  got 
21^000  acres  in  one  tnw-t. 

The  next  thing  w;is  to  fouce  it,  and  only  those  who  have  tried  build- 
ing elk-tight  fen<-e.<  can  apprei'iate  the  job.  Here  was  a  tract  of  over 
35  square  miles  of  laud  to  inelttstv  They  started  out  with  a  wire  net  6 
fcet  high,  secured  to  stout  p«w;ts  10  feet  a)«rt.  Above  the  net  they 
struug  ten  tines  of  iMrlnnl  wire,  and  that  made  a  right  good  fence. 
But  when  18  miles  had  been  envtctl  they  abandoned  the  wire  net  and 
used  barbed  wire  only  for  the  rest  of  the  way.  That  was  cheaper  and 
JQst  as  good.  It  is  not  nniuterec^ting  to  note  that  the  fencing  cost 
#74,000. 

In  all,  nine  gut^v'i  are  to  tte  place^l  in  this  fence,  with  a  keeper's  lodge 

at  ea<-h  gat*',  souietliing  ni;i4)c  nivesA;»ry  by  the  presence  in  every  com- 

momitv  of  the  skulking  lout  who  will  steal  or  destroy  the  property  of 

■aIo,  and  es|te«'iatl,v  such  |mii>erty  as  this  fepcewUI  incloee. 
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Mr.  CiirbiD  is  sure  liis  park  will  not  in  »iiy  way  iutvrfere  with  the 
rights  of  legitimate  Hportsincii. 

Here  is  this  tract  of  woo4l]an(I  with  only  eixiugh  t-leui'ed  land  on  it 
to  afford  meadovs  over  which  the  animals  would  like  to  wander  at 
times,  Are  gathered  25  buffalo,  (iO  elk,  over  70  deer,  hall'  a  dozen  each 
of  cariboQ  aud  antelope,  IS  wild  l>oars  importetl  from  iiermany,  and  an 
noknown  number  of  moose, — perhaps  a  (lo/.eii.  lie  had  4  reindeer 
brought  from  Labrador,  but  all  die*!.  He  expects  to  have  a  community 
of  beavers,  for  the  lakes  and  streams  of  the  park  are  admirably  adapted 
for  these  beautiful  auimaltt. 

Quite  as  interesting  as  any  description  of  the  jiark  and  its  iuhabtt- 
auts  is  the  story  of  the  gathering  of  the  specimens.  It  is  too  long  to 
tell  in  Aill,  bnt  room  remains  for  enough.  The  agent  employed  to 
gather  a  large  part  of  the  animals  from  Canada  was  Thomas  H.  Uyaii, 
who  haa  served  Mr.  Corbin  in  a  nnmber  of  capacities  for  the  past  twelve 
years.  Along  in  October  last  Mr.  Ryan  was  commissioned  to  go  to 
Canada  to  see  what  could  be  done  about  getting  "any  wild  animals 
there  except  bears,  panthers,  wolves,  and  foxes." 

At  Sherbrooke  he  met  a  friendly  newspaiter  man  who  said  one  Dan. 
BaU,  of  Megantic,  knew  all  about  the  deer  of  that  country,  and  so  to 
Megantic  posted  Mr.  Byan.  lie  met  Ball  and  found  him  able  and 
willing  to  get  the  deer. 

Mr.  Ryan  went  50  miles  to  North  Bay,  200  miles  west,  and  from  there 
to  Hattawa,  on  the  verge  of  a  region  where  mooHe  alHtaud,  deer  are 
plentiful,  and  beaver  jKtssible  to  obtain  alive.  A  contract  was  mitde 
vith  a  trapper,  whose  name  Mr.  Byan  does  not  wish  to  mention,  for  a 
supply  of  all  these  animals — at  least  twenty  of  eat'h  if  that  number  be 


Ueantime  Dan  Ball  had  gone  to  work  at  Megantic  by  selecting  a  few 
friends  and  looking  over  the  woods  to  see  where  the  deer  were  yard- 
ing. Along  ill  December  the  snow  became  .5  feet  deep  in  the  woods, 
aod  Dan  knew  of  one  yard  where  at  least  300  deer  were  gathered 
together. 

Then  he  and  six  others  went  on  snowslioes,  with  buckskin  thongs, 
and  one  gun  loaded  with  powder  only.  Locating  a  bunch  of  deer  in  a 
thicket,  six  of  the  men  crept  up  as  nesvr  as  possible  to  the  lecwanl  with- 
out alarming  them.  Then  the  seventh  came  tearing  down  Avith  the 
"ind  and  with  a  wild  yell  and  tlie  discbarge  of  the  gun  scattereil  the 
hunch  like  a  flock  quails  before  a  cur  pup.  Some  of  the  decing  beauties 
plnmped  into  the  snow,  that  was  so  deep  and  so  fluffy  that  they  sank 
•^iit  of  sight  at  the  first  struggle,  nor  could  they  cacai»e  till  Dan  and 
his  biends  kindly  lent  a  band.  In  all  a  dozen  were  captured  thus,  aud 
with  legs  bound  with  soft  leather  thongs  were  carried  to  an  old  shanty 
i<  tile  woods  some  distance  from  Megantic. 
In  January  Mr.  Kyaa  went  away  to  bring  the  deer  to  the  pT^il'XI  . 

New  Hampshire.    Megautie  is  ou  the  Canadian  Pacific  roiid.  ^A.  iwr 
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car  waa  sent  to  a  siding  formerly  used  by  a  lumber  mill,  and  there  car- 
peted with  hay,  straw,  and  a  good  supply  of  browse.  The  ends  were 
then  partitioned  off  from  the  Bpace  between  the  doors  by  means  o( 
poles,  and  within  the  spaces  thus  formed  the  deer  were  placed,  beini 
simply  lifted  in.  They  had  been  kept  in  the  meantime  in  the  bid  bOI 
nnbonnd. 

With  Dan  Ball  to  look  after  and  especially  to  water  the  deer  tlie  car 
was  hauled  to  Newport,  Yt.,  the  location  of  the  United  6tat«8  easterns 
office. 

The  deer  were  passed  duty  H-ee,  and  were  sent  on  to  Newport,  N.  H., 
by  the  way  of  Concord,  nearly  100  miles  farther  than  necessary.  The 
extra  ride  proved  disastrous,  for  one  deer  died  en  route,  and  two  after 
arrival.    The  nine  are  now  as  well  and  firisky  aa  when  in  their  natire 


The  bulliilo  in  the  park  came  originally  fW>m  Montana,  but  wei« 
purchased  of  a  Minnesota  man.  The  moose,  elk,  and  caribon  came 
ftvim  Minnesota  also,  and  were  captured  along  the  Canadian  border. 

Among  the  interesting  experiences  in  the  transportation  of  the 
animals  for  this  park  mity  be  mentioned  these:  Moose  have  beeu  car- 
ried 3,000  miles  in  four  days  without  apparent  injury.  The  last  ood- 
sigument  included  sixteen  moose,  three  deer,  and  one  caribou.  All 
arrived  in  good  condition,  but  eight  moose  died  afterwards,  becanse,  it 
is  thought,  of  the  change  in  their  diet  or  water,  or  both.  On  odc 
occasion  when  thirty  deer  were  en  route,  a  collision  with  another  traia 
killed  twenty-two  of  them  outright,  and  four  more  died  afterwards. 

It  is  noticed  that  the  largest  deer  most  easily  succumb  to  railtoad 
travel.  None  of  the  animals  ever  eat  or  sleep  while  the  car  is  in 
motion.  On  a  side  track  they  will  eat  a  little.  There  seems  to  be 
more  danger  of  their  suffei-iiig  from  heat  in  a  box  car  than  firom  cold, 
but  the  worst  trouble  is  in  the  jerking  to  and  iVo  of  the  car  wh6D  the 
train  is  stopping  or  starting.  They  are  fed  barley,  com,  bran,  aod 
hay.  In  the  woods  they  are  expected  to  live  as  they  would  natorall;, 
bat  places  will  be  established  where  feed  will  be  left  for  them,  ao  that 
none  shall  lack. 

Beginning  with  a  few  pet  deer  in  a  paddock,  the  Corbins  now  have 
a  private  zoSlogical  garden  where,  if  at  any  such  place  in  the  vorid, 
the  animals  on  hand  can  be  seen  and  studied  undOT  natural  couditioDs. 
What  it  will  be  in  the  fiiture  Mr,  Corbin  can  not  say,  but  that  he  will, 
as  fast  as  convenient  to  do  so,  add  all  the  animals  of  the  world  that 
can  live  there  harmoniously  need  not  be  doubted.  His  oatiay  ap  to 
the  completing  of  the  park  is  not  far  ftom  $400,000.  Some  of  his 
friends  say  he  is  likely  to  spend  half  as  mach  more  on  it  and  make  of 
it  a  place  to  fairly  delight  the  naturalist.  They  say  that  the  work  of 
Judge  datou  will  be  supplemented  and  added  to,  by  that  to  be  done  at 
'■I  park,  to  the  greatbeneflt  of  aUiuvestigatoi-s  iutatbehalHts 
imals.  _.,  .yGoOJ^Ic 
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II. 

In  the  issue  of  March  13, 1S9X,  we  published  a  very  interesting  ac- 
connt  of  Mr.  Austin  Corbiu's  game  park  ia  New  Haiupaliiru,  telling 
how  Ur.  Corbin  was  led  into  the  enterprise,  and  also  giving  an  account 
of  how  the  first  suimals  used  in  stocking  the  park  were  secured,  Bince 
then  we  have  obtained  tite  following  information  of  the  present  state 
ofal^rs  in  the  park,  chiefly  in  relation  to  the  breeding  of  the  animals 
in  their  new  environment — it  can  hardly  bv>  called  captivity,  when 
the  animals  are  at  liberty  to  wander  at  their  own  sweet  will  over  28,000 
acres  of  woodland,  hill,  and  valley. 

In  this  respect  of  breoiling  the  park  has  proved  a  great  Huccess.  All 
the  animals  seem  to  take  kindly  tr>  their  new  sHrruiindings,  and 
already  their  numbers  are  being  m»teriiilly  increased  by  births.  Of 
the  twenty-two  buffalo  which  wore  put  in  about  a  year  ago,  eight  of 
the  cows  are  now  in  calf,  and  two  young  have  been  added  to  the  herd. 
The  elk,  which  bred  to  a  Umited  extent  on  Mr.  Gorbin'a  Long  Island 
estate,  have  found  their  mountainous  New  Hampshire  home  more  to 
their  liking,  and  have  uli'eady  increased  5U  )»er  cent.  Next  to  the  elk 
the  most  accurate  count  has  been  kept  of  the  moose,  who,  unlike  their 
^garions  brethren,  go  in  paii-s  during  the  rutting  season.  It  was  at 
first  feared  tbM  these  nnusnally  retiring  animals  would  not  breeil  in 
the  park,  but  it  has  been  ascertained  that  six  nf  tlie  cows  are  uov  with 
calf.  There  are  apward  of  sixty  moose  in  the  park  and  they  make  a 
Dinch  wider  range  in  ti-a veiling  than  the  elk,  which  keep  pretty  well  to 
one  locatiuy  where  there  is  considerable  brush  and  small  growth,  and 
DO  doubt  abundant  feed. 

The  agent  who  was  instrumental  in  sei^uring  for  Mr.  Corbin  the  first 
denizens  of  the  park  has  the  head  of  a  particularly  fine  moose  in  his 
possession.  The  unmounted  head  weigbe^l  300  )>ounds,  and  the  boms, 
which  show  eleven  points,  have  a  span  of  about  5  feet.  This  bead  was 
bought  of  an  Indian  in  Mattawa,  and  is  said  to  be  the  last  green  head 
taken  ont  of  Outario  previous  to  the  passing  of  the  law  forbidding  the, 
killing  of  moose. 

To  come  back  to  figures,  the  wild  boars,  im|>urted  from  Ciermany 
September  a  year  ago,  have  l>een  seen  a  number  of  times  lately.  They 
have  evidently  giiined  hy  mitural  increase,  »nd  must  be  quick  trav- 
ellers, as  three  or  four  herds  have  been  reported  in  different  localities 
at  nearly  the  same  time  by  the  game-keepers.  The  old  animals  have 
grown  considerably,  and  are  wonderfiUly  fleet  of  foot,  for  unlike  their 
cousin,  the  domestic  hog,  they  do  not  fatten.  As  far  as  can  be  ascer- 
tained, all  the  other  animals,  inclnding  the  several  varieties  of  deer, 
have  multiplied  considerably,  and  their  cliaoge  of  habitat  and  the  fact 
that  the  big  fence  occasionally  checks  their  extended  wanderings,  does 
not  seem  to  cast  any  blight  on  the  eveu  tenor  of  their  lives. 

Inclnded  in  the  park  are  two  pond^  of  20  and  30  acres,  res)}ectively, 
and  probably  100  miles  of  streams.     The  ixinds  were  cleaned  out  lap' 
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ti&  3Mi  tm^  vacietitfs  of  cannibalistic  fish  destroyed, 
iiLT  lU'i  3a«ani»  ure  all  stoebed  with  troaL 
ft  -m.  -.-pars  -iinte.  Mr.  Corbin  parchased  20,000  haw- 
■»i'  these  have  been  plaoted  this  ^tiug. 
They  are   for   the  pur 
pose  «f  forming  a  hfAge 
strong  enongh    to  pie- 
vent    the    buffalo  Emd 
other  large  animals  from 
gening  mxt.    This  toe, 
of  which  there  are  two 
vartetit^  the  white  iuid 
black,  is  use«l  very  «- 
tensirelr   for    inclosing 
J   the  game  parks  of  Eng- 
£   land   and    France.      It 
I   grows  ftom  8  to  10  feet 
~    in    height,  and  is   the 
£   toughest  and  strongest 
I   tree  that  can  be  found, 
'~    making,  with  its  int«'- 
~    locking      and      elastic 
■=   branches,  a  hedge  tbat 
■I   would  resist  h  battcrin? 
I    ram.       The    trees    are 
Z   being  planted  inside  the 
^   big  fence  of  barbed  and 
^    woven    wire,    and   will 
).  erentnally  take  its  place 
Z  when  the  latter  becomes 
C    weakened  tbrongfa  rust 
and  exposure. 

There  will  be  no  bunt- 
ing in  the  park  nt  pre^ 
eitt,  though  in    future 
years,  when  the  animals 
have  multiplied  beyond 
the  resources  of  their  do- 
main, it  is  possible  that 
Mr.  Corbin   may  ndopt 
this  means  of  thinning 
ark  is  not  designed  for  ll^n^ 
il  for  scientiflc  research  into 
inimals,  though  it  is  safe  to 
■■  dir«ctioD. 
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The  (levelopineut  of  Mr.  Gorbiii's  ^auie  park  enterprise  in  lieiiiK 
watched  with  decided  interest  l>y  siwrtsineii  and  naturalists.  Ithap- 
peDH  that  tlie  prv.-<ent  article  has  been  prepared  Just  in  time  to  sapply 
additional  iDformation  on  the  subject  Bought  by  the  directors  of  the 
new  National  Zoulogical  Garden  in  Washington.  Success  in  New 
Hampshire,  when  It  shall  have  l>een  demonstrated  beyond  the  perad- 
ventnreora  doubt,  will  prompt  similar  enterprises  in  other  parts  of 
the  country.  While  much  interest  is  felt  in  the  introduction  of  foreign 
species,  Americans  uie  naturally  nmst  concerned  with  the  saccessHil 
conservation  of  bands  of  American  big  game^  the  elk  and  the  antelope 
and  the  bnfialo.  Of  the  unfamiliar  picture  these  great  animals  present, 
grouped  on  a  New  Hampshire  hil1tj>p,  our  cut,  ttom  a  photograph, 
gives  excellent  illustration.  May  these  wild  creatures  yet  feed  on  a 
thansand  hill-s  of  the  New  England  and  other  Eastern  States,  and  on 
the  game  iireserves  of  the  west ! 

Besides  the  great  New  Hampshire  park,  Mr.  Gorbiu  has  two  other 
game  preserves.  On  his  Iioiig  Island  estate  he  now  has  21  elk  and 
about  IS  deer,  and  at  Manhattan  Iteach  he  has  25  elk.  At  the  latter 
place  he  has  10  acres  inclosed  with  an  open  wire  fence.  There  will 
won  be  dug  liere  a  large  pon<l,  which  will  be  titled  with  salt  water  from 
the  tides  of  Sheepshead  Bay.  In  this  pond  are  to  be  a  dozen  seals  and 
10  sea  lions.  The  former  ai-e  now  on  their  way  from  St.  Johns,  New- 
foundland, and  the  latter  are  making  their  long  journey  from  the  Pa- 
cific coast.  Later  iu  the  summer  a  number  of  other  animals  wUI  be 
added  to  the  inclosore. 
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THE  HOME  OF  THE  TR0GL01>YTES* 


By  E.  T.  Hamy. 


The  ancients  hiul  a  vague  knowledge  of  a  peojile  inhabiting  certain 
<li8tricts  of  nortiiera  Africa,  wlio  were  remarkable  for  tbe  (justoui, 
wliich  they  bad  in  vointnoii,  of  making  tbeir  babitations  in  the  deptlis 
of  tlie  earth.     These  were  tbe  Troglodytes, 

A  imrtioii  of  tbe  sea-coast  of  Krytlinemn  Mare  (Red  Sea)  owed  tbe 
name  of  Troglody tic  Ethio]>ia  to  certttiu  of  these  barbarians;  others 
occupied  a  territory  adjacent  to  the  nionutains  which  rise  in  tbe  soath- 
eni  part  of  Fexzaii,  while  otheru,  much  farther  to  the  wett,  inhabited 
aa  undulating  region  in  whieb  there  is  recognized  tite  chain  which  sur- 
roands  tbe  lower  extremity  of  Little  Syria. 

Tlie  at^counts  of  these  eurions  people,  as  given  by  ancient  writers, 
always  represent  them  as  coustructiog  their  dwellings  under  ground; 
u  being  bunt«r8  of  snch  activity  and  skill  that  tbey  take  their  game 
while  ill  pursuit,  living  for  tbe  most  part  however  on  tbe  flesh  of 
seriicbts  and  lizards.  They  are  described  as  being  poor  and  indifferent 
to  their  own  interests,  having  no  trade  except  in  carbuncles,  for  which 
however  tbey  were  merely  agents.  Their  language  differed  entirely 
from  that  of  any  other  [leople,  it  iH'ing  compared  by  Herodotus  to  the 
Blrident  ery  of  the  bat. 

These  summary  accounts,  incoherent  and  sometimes  fantastic,  have 
liad  tbe  effect  of  rendering  must  modem  historians  of  African  geog- 
raphy incredulous  as  to  their  truth.  These  extraordinary  beings  have 
*>een  ordinarily  banished  to  a  world  of  the  imagination,  the  species  of 
whom  antiquity  has  so  largely  multiplied  even  to  the  confines  of  known 
countries.  Reliable  travellers  came  however  in  their  turn  to  discover 
in  the  very  same  regions  where  the  ancients  had  located  tbeir  Troglo- 
■lytes, important  tribes,  living  like  them  in  subterranean  abodes,  natural 
i>r  artificial.  ^ 

The  Engbsh  Oaptain  Lyons  described  in  1821,  during  a  four  days' 
march  to  tbe  southwest  of  Tripoli,  through  a  district  mentioned  by 

'Heiul  at  tbe  aonual  public  meeting  of  tbe  Ave  Ai-ademieH  of  tlie  Ipstltnte  of 
E^uQce,  October  24,  189L.     (From   V Anthritpologit,   Hcpt.-Oct.,    1891;   vol.  ii,  pu. 
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y»mpooia»  Mela  aod  by  Pliny,  a  certain  villa^  of  Hetti-Abbiie,  deeply 
bulbfwedMitfrftbeftandy  flayorcalcareons  rock.  Tfae  FrraichCoDso) 
Vela^ortitj  the  Egyptian  Bheik,  Mobiunmedlbn-Omar-el-ToaDg):,  and 
otbtrTii,  ill  confiroiiug  tbi»  discovery  have  geDeralizcd  it  to  the  eutire 
m(utu  uf  <jhitrian. 

Ill  IM09^  Nachtigfll  found  hidden  in  the  vaJley  of  Tao,  iu  thebewtof 
Tbjl>et,  the  (»v«h  of  the  Toubous,  direct  de.scendant8  iMT  the  Ethiopian 
TrtiffluilyUM,  whom  Herodotus  Tepre8ente<l  as  the  victims  of  the  Qan- 
umuWtt,  Die  uiicieiit  iababita&bt  of  Fezzan.  Thirt>'  years  Iat«r  our 
miUlit'tu,  iienetratiiig  iut^i  the  nuutiiive  mountains  whioh  rise  to  the 
HotitbweHt  of  (labes,  and  at  Duuiriit  and  Nefoa^  are  connected  with 
ObAt'iau,  cume  upon  a  dozeo  villages  excavated  from  the  ancient  alla- 
vluiii  of  the  plnttiiiuH  of  Matmata  aud  Toujane,  containing  as  many  as 
4,<)UU  iiibiiblturitH,  Distinguished  otBcers,  such  as  the  commander. 
It/'blllt-t;  leiiriH-d  uaturalists,  like  Letouroeux,  have  since  that  time 
viillt<>(l  tliiH  rouiitry,  and  I,  in  my  turn,  have  traversed  it  in  the  conrse 
<if  II  voyaife  of  iniiuiry,*  If  1  saw  few  serpents  aud  lizards,  and  still 
fewfl'  fiu-bumiles  in  the  dark  dwellings  of  Matniata,  of  Hadeje,  or  of 
lli>iil'/.elhiii;  If  I  did  not  hear  proceed  from  the  uiouth  of  the  Caliphis 
wIhi  rit-oivod  me  so  oordially,  the  strident  tones  which  the  historians 
mid  cluHHli'ikl  geographers  have  ascribed  to  their  ancestors,  E  have  at 
Unntf:  beiHi  iiltle  to  make  some  observations  which  are  of  a  nature  lo 
tlirow  light  nimn  the  interpretations  of  certain  passages  in  the  writers 
<(l'aiilli|uit.v.  I  giitlierml  at  the  same  time  new  data  for  the  study  of 
tlidsit  eilili'ul  MurvlviUs,  whiub  day  by  day  are  playing  a  more  important 
ptiii  in  liiftlury  uiiil  authroimlogj'. 


Tbe  JiHirnpy  tram  tho  coast  of  Syria  to  the  interior  valleys  peopled 
by  tbe  TiiigliHlyle.o  is  a  short  but  rough  one.  It  is  necessary  to  cross 
t\w  arid  and  stony  ()es<'rt  of  Aniad,  then  to  make  the  painfol  ascent 
of  the  botl  of  one  of  the  dritnl  U]i  torronts,  which  has  worn  its  way 
through  the  st«H'p  cliff  of  Mount  Ih'mer. 

The  npprotu'li  to  these  snbternineiiD  villages  is  most  accessible  fhim 
the  west.  In  i^Mviuling  the  acniikoHscs  of  ZemUia,  the  contrast  between 
therhanh'teristic^of  tliej^  two  ueigb)M)ring  trilM's  is  strikingly  evideat. 
They  Iteloiig  to  the  sanu-  elhuie  groii]t,  but  e;M'li  is  fuitbAilIy  devoted  to 
its  own  traditional  nistoms.  Tlie  Zemtlictmstruet  their  villages  accord- 
ing Uttbearrliilectural  niUvi  whietigovenxHl  the  builders  of  the  ancient 
BertHT  eilios,  ruins  of  wUi.h  I  h;>\e  found  in  <-entral  Tunis,  between 
Oar-el  Itey  aud  KHiroumi.  Tlicy  ai-e  in  reiility  intrenched  camps, 
ftkruietl  by  witlls  of  lutiv  stones,  <niib  iM-easioniil  oiieuinga,  sarmonnbed 
In  tfc«  i^^r  by  other  walls,  ]vir:«)l<'t  and  strengthened  by  semi-circniar 
>U  prxrtivl  the  entriim-e  to  the  lanes.    The  Malmati,  on  the 
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coutrary,  like  the  aucient  Tro<i;l(Klyto9,  excavattt  their  tlwelliugH,  wat- 
tered  here  aud  there  without  order,  from  tbe  compact  alliviiim  wtiUrb 
the  raius  have  \oiig  since  formed  in  the  depressions  of  the  valley. 

To  the  rear  are  the  rocky  ijumiiuts  where  rise  the  somber  Zeuatian 
redoubts,  Tamezret,Zeraoua,  ett;.,  while  iafroutii^  theopeu,  niidulatiug 
valley  where  there  is  notbiug,  at  first  sigiit,  to  reveal  tlie  preseuce  of 
mao.  A  narrow  neck,  guardetl  by  a  small  fort  of  rough  stones,  nmrks 
the  limit  of  the  two  territories.  The  descent  is  made  slowly  by  a  steep 
incUnatioQ  followiug  a  ravine  which  has  long  since  been  worn  by  the 
floods.  The  hardness  and  depth  ot  the  slimy  bunk  suggest  to  the  un- 
prejudiced mind  the  possibility  of  here  digging  out  one's  habitation. 
It  is  a  coutinaons  descent;  the  valley  broadens,  the  horizon  becomes 
visible,  a  vast  extent  of  land  is  gradually  perceived,  and  not  a  sound, 
not  a  movement  to  suggest  the  approach  to  a  populous  village.  Below 
there  however  to  the  right  is  the  tielaa  Matmata,  whic^h  appears  to 
the  eye  with  its  abrupt  descent  and  its  extensive  terrace  like  a  natural 
fortress,  where,  many  a  time  during  the  course  of  a  turbulent  history, 
the  natives  have  found  a  refnge.  To  the  lett  is  the  west  Atatmata,  out- 
lining the  yellowish  course  of  its  dried  bod,  dotted  here  and  there  with 
stattered  olive  trees.  Matmata  Bled  Kebira,  the  large  town  of  Mat- 
matia,  is  in  truth  at  our  feet  without  our  having  perceived  it.  Let  us 
approach.  Traces  of  its  presence  becumo  gradually  apparent.  Eleva- 
tions and  eorrespoudiug  depressions  in  the  land  become  clearly  defined, 
and  the  white  Koubba  of  the  Mohammedan  priest,  Sida-Mon9a  appears 
at  the  tnrniug  of  the  footpath  informing  us  that  these  ancient  people, 
with  their  strange  manners,  whoniwe  wish  to  approach,  have  submitted 
to  the  destructive  inllaence  of  Islam,  and  have  in  consef|uenee  pre- 
served only  a  few  of  those  valuable  survivals  whiirh  we  are  so  desirous 
of  studying. 

Id  Egypt,  among  the  wretched  dwellings  in  mutilated  pyramids,  and 
in  the  doable  dovecots  which  remind  one  of  the  old  Pylons;  in  the 
acropolises  of  Zenatia  at  Ohariaii  and  Kabylie,  in  a  word,  over  tlie 
whole  of  noTtliern  Afiicii,  the  Koubba  of  the  priest,  the  minaret  of  the 
mosque,  symbols  oftriumphant  Mohammedanism,  strike  thearchieologist 
and  ethnologist  as  something  abnormal,  and  I  may  say  entirely  out 
of  place.  These  rural  constructions,  unsightly  in  themselves,  and  in 
congrnous  when  placed  side  by  side  witli  those  of  the  natives,  in  the 
midst  of  which  they  are  conspicuous  on  account  of  their  form  and  color, 
distnrb  the  harmony  of  the  landscape,  recalling  at  the  same  time  the 
cruel  struggles,  by  fire  and  arms,  for  con<iiicst  and  conversion  to  the 
religion  of  the  conquerers.  The  abrnjit  cliffs  of  Blount  Demer  were  not 
able  to  arrc-st  the  HUIalien  ( I)  inviision.  and  Jtatmati,  the  Troglo<iyte, 
lias  been  since  then  a  good  Mnssnlman. 

Two  other  Koubban  appear,  then  a  stpiare  whiU'.  liouse,  the  abode  of 
the  religious  chief,  tlieu  the  dar  of  the  civil  aud  military  chiet^  the 
tJaiiphAliOuld-Kaid- Ahmed.  L:,y,i,.euL,,GoOJ^Ic 
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This  dar  ia  composed  of  Rvv  parallel  cliauibers  io  niasonry,  which, 
beyond  the  first  glance,  are  not  Troglodytic  in  character.  A  small 
quantity  of  loose  earth  bsN  been  carried  for  appearance  sake  onto  tin 
terrace  which  surmounts  the  structure.  In  this  detail  the  residence  of 
AH — Berber  in  8tyle  although  strongly  Ai-abized — is  that  of  the  great 
semi -sedentary  chiefs,  which  one  meets  with  more  esi>ecially  in  the 
interior  of  Tnitit*. 

One  of  the  last  surface  structures  is  an  old  cistern,  of  which  the 
partially  demolished  arches  bring  to  mind,  by  their  form  and  constntc- 
tion,  those  of  Malga,  at  Carthage. 

The  remainder  of  the  \'illage,  which  extends  over  i  kilometers  and 
Citntains  more  than  2.IHH)  inhabitants,  is  entirely  under-ground.  The 
(fur  exen,  which  shelters  us,  (wvers  a  vast  cave,  descent  into  which  is 
matlc  by  a  seuii-eirenlar  declivity.  It  is  a  part  of  the  dwelling  of  the 
amicut  chiefs,  constructed,  Alt  informs  us, in  the  time  of  the  Bomans, 
which,  to  the  gotKl  Caliph,  seemo<l  to  stand  for  the  most  remote  period. 
'  The  excavators  who  executed  this  ancient  work  had  to  penetrate  flret 
thrtmgh  the  calcareous  clay,  which  forms  the  soil  of  the  whole  vall^; 
then  through  a  pebbly  congloniernte,  and  finally  through  a  quarry  of 
hunl  inillst«>ae,  which  forms  the  floor  of  the  grotto.  A  second  excara- 
tiuu,  t>l'  mure  rm-ent  origin,  is  due  out  of  the  clay  a  little  higher  and  to 
the  right  of  the  tlrst.    This  ser\-es  as  a  stable  for  the  horses  of  Ali. 

Dwellings,  stables,  cattle  sheds,  workshops,  and  factories,  everj-thing 
In  the  village  of  Mutmatia,  lire  likewise  excavated  from  the  clay.  Id 
one  instance  the  descent  is  made,  as  in  tlie  caves  of  the  abode  of  the 
Caliphs,  by  means  of  an  incline  more  or  less  perpendicular,  and  lighted 
h-om  wllhont;  In  another  it  is  necessary  to  seek  an  entrance  throogk  a 
liuiliel,  which  terminates,  after  several  windings,  in  an  interior  court, 
nioi'c  en'  UntH  regular  and  lighted  from  above  at  the  summit  of  the  alln- 
vlitl  peiik  of  the  elevation  from  which  the  dwelling  has  been  dug. 

A  Utile  lluitory,  which  wc  can  enter,  gives  agoo<l  idea  of  the  manner 
III  w  hlch  work  is  <-arrie(l  on  by  tradition  among  the  excavators  of  Hat- 
miiliii.  ll  Ih  an  oil  fitctory,  composed  of  three  compartments,  the  first 
(if  which  ciitiiniands  the  other  two  and  is  lighted  by  an  unshed  door,  to 
ttlih'h  a  Nfi'ulghl  flight  of  steps  gives  access.  The  two  deep  chambers 
icmiilli  unlliiiKheil,  it  wall,  consisting  of  a  mass  of  earth,  dividing  one 
lioiii  \\w  ullior.  The  interior  was  dug  oat  with  a  pick-axe,  forming 
ui'clu"!,  mill  thcni  remain  cubes  snIBciently  Inrge  to  support  the  center. 
'lh(i  liM'gt'Hi  I'lHiiii  eoiitainod  the  mill  and  its  accessories,  resembling 
I'hincly  llui  Kpiiaratus  used  all  over  the  Berber  states. 

'('hi«  rud'iiiK'H  to  this  primitive  factory  is  oniament«d  with  arowof 
uiKHMiii>iit4ul  litoiieH  anniiid  the  aperture  forming  the  entrance.  Thede- 
l,\<\  uC  IhU  nriianieiiliition  recalls  the  custom  among  ancient  bnUders  <^ 
u'U'iniH  (liiilViHitof  tlieir  subterranean  dwellings  with  a  fa<dngof  atones, 
>n  un'inwi'  hw*  icK'ili"'  lines.  Not  far  from  the  rfar,  a  sort  of  palace  (be- 
w  '  I'Kmiid'  {icrioil  and  for  tlie  most  part  in  rains,  wbenl 
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have  been  able  to  make  some  researches,)  contains  in  its  interior  court 
facades,  completely  providoii  with  walls  where  deep  vaulted  chambers 
open  OD  two  elevatioDS.  Tbe  dwelling  of  the  chief,  the  stables,  and  the 
cattle-sbeds  formerly  oocapied  the  groand  floor.  The  aouka  or  store- 
roomB  were  constructed  in  stories,  to  climb  to  which  one  cliugs  to  large 
stones  jnfetiug  out  from  the  wall. 

If  the  facade  presents  au  ornameutation  of  stones,  nothing  is  seen  in 
the  interior  bat  calcareon^  rock  and  a  sort  of  loam,  still  showing  the 
ridgea  made  by  the  irregular  strokes  of  the  pick -axe  of  the  ancient 
builder.  Neither  stone,  wood,  nor  iron  appears,  only  the  soil  of  a  red- 
dish or  yellowish  gray,  dry  and  hard,  in  which  rare  snail  shells  are  found 
here  and  there.  If  a  ring,  upon  which  to  hnng  a  lamp  or  to  which  to 
fastea  a  horse's  halter  is  required,  these  aliells  are  utilized,  being  placed 
in  the  most  convenient  and  conspicuous  point  in  tbe  room  or  stable. 
Niches  take  the  place  of  cupboards,  and  benches  along  the  side  wall 
serve  as  beds  and  chairs. 

These  apartments,  like  all  tbe  others  which  we  saw  among  the  Troglo- 
dytes, are  qnite  regularly  vaulted,  although  the  arches  are  keel-shaped, 
the  sides  being  slightly  curved  and  the  extremiiies  perceptibly  drawn 
together.  We  ai-e  reminded  of  an  old  boat,  turned  upside  down,  keel 
m  aur,  lying  upon  the  sea-shore,  under  which  tbe  }M)or  gatherer  or  waif 
may  &nd  a  shelter. 

In  thus  recognizing  nautical  forms  in  the  most  essential  lines  of  the 
architectore  of  the  Troglodytes,  I  suddenly  ret;ollect  the  rustic  habi- 
tations {mapalia)  of  which  Sallust  speaks  in  the  eighteenth  chapter 
of  his  classictil  work  on  the  •Tugni'than  war.  In  summing  up  tbe  tra- 
ditions of  the  Province,  which  he  governed,  and  which  he  must  have 
thoroughly  known,  he  mentions  tbe  death  of  Hercules,  and  the  disper- 
sion of  his  army  composed  of  various  nations.  Medes,  Peisiaus,  Arme- 
nians crossed  over  to  Africa  in  their  ships  and  occupied  the  sea^oast. 
The  Persians  are  the  most  remote  from  the  ocean,  the  most  eastern, 
and  consequently  occupy  that  region  adjoining  Syria;  and  since  they 
do  not  find  building  material  upon  this  inhospitable  shore,  and  the 
vastneas  of  tbe  sea  and  ignorance  of  the  language  of  their  neighbors 
deprive  them  of  the  means  of  procuring  such  material  by  purchase  or 
exchange,  they  have  built  for  themselves  shelters  out  of  the  hulls  of 
their  ships;  and  Sallust  adds  that  the  buildings  of  their  descendants, 
called  mapalia,  oblong  constructions  with  curved  sides,  resemble  the 
keels  of  ships,  the  abodes  of  their  ancestors. 

Not  so  very  long  ago,  when  the  ethnography  of  Africa  was  practi- 
cally unknown,  an  attempt  was  made  to  explain  the  survivals  indicated 
hy  the  Roman  historian  by  likening  tbe  mapalia  which  he  describes  to 
the  tents  of  the  wandering  tribes  of  the  lofty  table- lands  of  the  Atlas. 
In  history,  as  in  government,  the  Berber  and  the  Arab  are  confounded, 
to  Uie  great  prejudice  of  our  African  policy,  and  in  the  same  manner 
the  commentators  of  Sallust  ignored  tbe  essential  differences  ,)^^ 
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exist  between  the  solid  bnildings  of  the  aucient  inbabitante  of  the  soil 
and  the  temporary  movable  abodes  of  the  fihepherds,  whose  migration 
to  Magreb  is  comparatively  recent.  The  true  mapalia  are  keel-Bhaped 
constructions,  long,  narrow,  and  low,  of  which  the  kaoura  of  Mettamer 
and  of  Medennie  in  Araad  represeut  the  most  perfect  QT»e,  and  which 
our  Troglodytes  of  Matmata,  d'Had^e,  etc.,  have  adapted  to  their  spe- 
cial needs. 

II. 

Sallust,  in  ending  his  chaper  on  ethnology,  describes  the  strangers 
whom  legend  brings  to  the  shores  of  A&ica  as  mingling  with  the  native 
Gctules,  and  increasing  rapidly,  from  which  alliances  have  sprung  the 
great  nation  of  the  Numidians,  soon  spreadiug  over  all  the  territory 
abont  Cartilage. 

The  HTicertainty  as  to  origin,  thus  attributed  by  tradition  to  the 
Numidians,  manifests  itself  even  in  our  day  in  regard  to  the  Berbers 
of  Tunis  in  general,  and  particularly  among  those  of  the  nioautaius  of 
the  south.  A  special  etlniical  type, of  which  the  large  islandofDjerba 
is  the  principal  center  of  habitation,  here  comes  in  contact  with  another 
type,  no  less  characteristic,  which  predominates  in  the  Djerid.  The 
type  of  the  Djerabi,  which  con-esponds  to  the  foreign  population  which 
Sallust  represented  as  lauding  on  the  shore  in  the  vicinity  of  Syria,  is 
distinguished,  at  the  first  glance,  by  a  very  clear  complexion  of  a  dead 
white,  or  else  slightly  bronzed,  relative  shortness  of  the  head,  and 
roundness  of  the  face;  the  nose  is  straight,  the  lips  thin,  the  chiu 
rounded.  The  tyiu;  of  the  Djeridi,  descendants  of  the  ancient  Getules, 
ia  characterized  on  the  contrary  by  dark  coloring,  almost  that  of  a  mu- 
latto, a  long  and  narrow  skull,  a  high  forehead,  retroussfi  nose,  thick 
lips,  and  receding  chin.  I  bavo  found  these  two  ethnical  ty\iea  well 
distinguished  by  Dr.  Gollihnon  in  the  two  Caliphates  of  Matinata.  The 
first  seemed  to  me  to  predominate  at  Hadeje;  the  second  prevailing  at 
Matmata  Bled  Kebira. 

Besides  these  there  were  seen  here  and  there  in  the  moantains,  per- 
sons without  doubt;  of  Zanatian  origin,  who  recall  our  Kabyles;  a  few 
half-breed  Arabs,  and  also  a  small  numberof  negroes,  more  or  less  Ber- 
ber in  tji»e,  exercising  in  general  the  important  profession  of  water-car- 
riers, but  transforming  tliemselves  in  an  obliging  manner  into  raosicians 
for  local  fetes. 

The  Matmatians  are  at  the  same  time  shepherds  and  husbandmen. 

They  raise  herds,  of  which  goats  and  sheep  predominate.    The  wool  of 

these  animals  they  tiikc  to  the  coast  to  sell,  sometimes  raw  and  some 

times  woven.    They  cultivate  barley  and  wheat,  the  date,  olive,  and 

*"  **'ft  products  of  which  transportt^d  to  Gabcs  enable  them  to  acquire, 

ange,  a  quantity  of  foreign  objects  which  more  and  more  take 

ie  of  the  articles  which  they  formerly  fabricated  for  tbemselvis- 

in  the  house  of  Ali  porcelains  of  Limoges,  ordinary  glassware, 
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a  tin  lantern  of  Parisian  maaufactnre,  copper  caodlesticks,  was  candles, 
white  sugar,  a  bottle  of  ink  from  Dijon,  a  pair  of  spectacles  with  silver 
rims,  knives  irom  Chat«lleraalt,  kniveR  and  forks  of  raoh,  etc.  Nothing 
o(  home  maunfactiire  remained  in  the  snrroandiugs  of  the  good  old 
man  excepting  the  grey  wool  of  thn  bumons,  the  rug  from  Oudref 
iipread  in  onr  room,  and  the  large  di.sli(^s  in  basketwork  and  wood  on 
which  the  abandant  diffa  was  served  to  ns. 

This  is  the  case  at  Hadcjc,  as  well  as  everywhere  else. 

All  that  has  not  aaccmnbe<i  to  Kurotiean  influence  is  distinctly  Arab. 
Food,  clotbing,  ornaments,  arms,  etc.,  suggest  in  ap)>earance  those  of 
the  nomads  of  the  neighboring  desert. 

Tlieir  social  condition  is  very  similar  to  that  of  the  Arabs,  whom  the 
Matmatians  imitate  as  closely  as  possible  so  long  as  it  entails  nothing 
contrary  to  their  traditional  legislation  (Kanoun).  They  possess  a 
Zaouia,  who  eiyoys  a  great  reputation  in  the  mountains,  and  their 
religions  rites  follow  closely  those  of  the  dissenting  Ibbadites,  whose 
beliefs  they  share.  They  bury  their  dead,  according  to  Arabian  custom, 
in  shallow  graves,  so  near  the  8in:face  of  the  earth  that  a  poet,  in 
TiBiting  the  spot,  has  beeu  able  to  -say  without  exaggeration  that  in 
this  strange  land  the  dead  occupy  the  pliice  of  the  living,  while  the 
living  "have  ttor  habitation  true  sepulchers."  "When  you  see  tliem 
come  forth,"  the  Arab  poet  goes  on  to  say,  "it  seems  as  if  they  were 
rising  for  the  day  of  judgment." 

Beni-Zelten  and  Toiyane  mark  the  extreme  eastern  limit  of  the 
country  of  the  Troglodytes.  The  Berber  language  is  again  heard  when 
beyond  the  last  inhabited  cave  the  terraces  of  the  dreary,  gray  houses 
of  the  Zanaitia  re-appear,  overlooking  in  the  distance  the  steep  cliff,  the 
extended  plain,  aud  the  sea. 
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SUMMARY  OF  PEOGKESS  IN  ANTHROPOLOGY  IN  1891. 


By  Otis  T.  Masun. 


The  purpose  of  this  samraary  U  to  draw  attention  to  combined  and 
organized  resonrce^i,  rather  than  to  individaal  effort.  The  number  of 
books,  pamphlets,  papers,  etc.,  read  before  societies  and  general  meet- 
ings and  conjirresses,  and  of  articles  in  current  periodicals,  is  so  great 
that  it  were  impossible  to  enumerate  them.  Furthermore,  this  is  not 
necessary  now  as  formerly,  since  several  of  the  organs  of  anthroiK)log- 
ieal  societies  publish  great  list*,  and  special  Journals  in  each  division 
of  the  subject  pay  great  attention  to  biblioj^raphy.  To  American 
readers,  particularly  to  tliose  who  desire  to  commence  a  course  of 
anthropological  studies,  the  followiuff  should  be  accessible  : 

The  American  Anthropohgist,  \faahingtoai  Archie  fUr  Anthropologie, 
Bmnnscbweig;  ArcMvio  per  P  Antropologia,  Firenze;  Bulletins  de  la  So- 
ciety d'Anthropotogie  deParia;  Internationales Archiv/Ur Ethnographie, 
Leyden;  Journal  of  the  Anthropological  Inntitute  of  Oreat  Britain  and 
Irelandy  I<ondon;  V Anthropologie,  Paris;  MitthmUingen  tier  Anthropo- 
logischen  Oeiiellsehaft  in  Wien;  Revue  Meiisutile  de  V^cok  d?Anthropo- 
%!>,  Paris;  Verhandlungen  der  Berliner  Oexellschaft  fiir  Anthropologie, 
«fc.,  Berlin;  ZeiUtehrift  fur  Ethnologie,  by  the  same  society. 

Journals  of  popular  character  which  can  not  bi^  neglected  are :  Acad- 
nny,  Loudon;  The  American  Naturaliiit,'Se\f  York;  Athenaum,  London; 
AnsUmdy  Stuttgart;  Nature,  London;  Popular  Science  Monthly,  New 
York;  Revue  Scientifique,  Paris;  Science,  New  York. 

The  address  of  Prof.  Max  Miiller,  as  vice-president  of  the  section  of 
anthroiMilogy  in  the  British  Association,  at  the  meeting  held  in  Cardiff 
in  August  of  this  year,  was  a  review  ofthe  fortyyears  during  which  he 
had  hiken  part  in  this  organization.  In  that  eiirly  day  there  was  no 
xectiou  of  anthropology,  the  study  of  mankind  being  relegated  to  sec- 
tion D  {zoology  and  botany).  \a  18.^1  section  E  {geography  and  ethnoUtgy) 
Was  formed,  the  former,  however,  more  and  more  absorbing  the  latter 
niitil  1884,  when  section  H  {anthropology)  was  organized.  In  1847  the 
ilebates  on  ethnology  were  most  popular,  shared  in  by  MUller,  Prichard, 
Latham,  Crawford,  Bnnsen,  Karl  ^leyer,  Prince  Lncien  Bonaparte,  and 
patronized  by  Prince  Allwrt.     In  Prof.  Mailer's  address,  the  prophMifw  r 
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of  his  first  meeting  are  delightfully  referred  to  in  connectioii  witltheit 
fiilflllment  of  to-day. 

The  foUowiug  commuuicatious  were  made  befort'  the  sectiira  of 
anthropology  in  1891 : 

Social  And  teligioos  ideua  of  the  Cbinese.     Vy  \i.  K.  Itougicm. 
Analysis  of  rowel  sounds.     R.  J.  Lloyd. 
Family  life  of  the  Haiilua.    Cliarltta  Hiirrisoii. 

Report  of  the  aorthwestom  tiibos  of  Canada.     By  the  t'liniiuittee. 
On  the  work  of  Maj.  J.  W.  Powell.     Max  Milllcr. 

AticieDt  language  of  the  natives  of  Tenurifft'.     By  tbo  Harquossof  Bate, 
llie  limits  of  savage  religion.    F.  B.  Tyloi. 
Convado.     H.  Ling  Rotb. 
Caitoms  of  the  natives  of  Assam.     8.  E.  Peal. 
BnriaJ  cnstoma  of  New  Britain,     h;  Daaks. 

Baibailo  elements  in  ftDoient  Greece  and  Italy.     G.  Hartwell  Jones. 
Tlie  MoToeco  Berbers.    J.  £.  B.  Meakin. 
On  the  worship  of  the  meteorites.     H.  A.  Newton. 
Ancient  Welsh  customs,  etc.     Di.  FbenS. 
First  sea  wanderings  of  the  English  race.    W.  M.  Adams. 
Old- World  mytba  aud  the  Mavojo  "Mountain  Cbaut."    A.  W.  Buukland. 
East  Central  Aftican  customs.    By  J.  Macdonald. 
Report  of  the  prehistoric  inhabitants  eommittee. 
Report  of  the  Elboltou  cave  committee. 
Instinctive  crimiuuHty.     By  S.  A.  K.  Strahan. 

The  anthropometric  method  of  i<lentifyEng  criminals.     By  J.  G.  Ganon. 
Recent  Mittite  discoTeries.    By  Dr.  Pheni^. 

The  Similkameen  Indians  of  British  Columbia.     By  Mrs.  8.  8.  AUison. 
Nicobar  pottery.     By  E.  H.  Man. 
Report  of  the  unthropometric  laboratory  committee. 
Report  of  the  anthropological  notes  and  qaerios  committee. 
Report  of  the  Indian  Committee. 

The  French  Association  for  the  Advancement  of  Science  held  its 
twentieth  session  in  Marseilles,  September  17-24.  In  the  eleventh  sec 
tion,  devoted  to  anthropology,  the  following  papers  of  general  iuteresl 
were  read : 

U.  Fauvolle :  Succession  of  envirouuieiits  inhabited  by  the  series  of  man's  ancceten. 
Delisle:  AttiScial  deformation  of  the  skull  in  France.     The  coiffnres  which  pto- 

duce  them  and  the  chart  of  their  distribution. 
Philippe  Key  ;  The  sknlls  of  tho  insaue. 
Ernest  Chautre:  Peoples  of  Russian  Armenia. 

Ernest  Chantre:  Ethnographic  objects  from  tlio  Kurds  of  Monot  Ararat. 
H.  Layard:  Obsidian  from  Teneriffo.  • 

0.  lie  Mortillet :  Tho  paleolithic  epochs  in  tlieir  relation  to  the  Alpine  glaciers. 
K.  Barthelemy:  Glacial  deposits  aitd  dilnviiil  deposits  of  the  Uoeilla. 
Gustave  Chanvet :  Claasili cation  of  Quaternary  times  in  Cbanvant. 
A.  de  Mortillet:  The  value  of  objecta  of  hnman  industry  as  an  element  in  cJassifjing 

((natemary  deposits. 
M.  Tardy:  Prehistoric  religious  monuments. 
M.  I'allerf :  The  hand  in  Jewish  aud  Massulmiin  traditions. 

'  feature  of  this  meeting  wa.s  the  choice  nf  a  snhject  for  speci»i 
it  the  meeting  to  be  held  at  Pan  in  1802  under  the  pr«- 
T.  Magitot,  namely,  the  criminal  type  from  the  anthropo- 
t  of  view. 
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The  Paris  school  of  Anthropology  not  only  (^ontiniwd  its  eour^ie  of 
lectures,  but  provided  for  their  widespread  inflaeuce  and  perpetuation 
by  establishing  a  monthly  journal,  Revve  Menavelle  de  VAnthropologie 
de  Paru.    The  conrse  of  lettnres  dnring  the  year  included  the  follow-  . 
ing: 

G.  de  Hortillet:  The  origin  of  agricultDTe. 

Andi^  L«ravr« :  Lioguiatii;  evolution;  origiD  of  articulate  louKoage. 
G.  HerT6:  Guneral  natural  higtory  ofmaD  hd<1  of  the  humau  ra^es. 
J.  V.  Lnborde:  The  instinctive  and  the  intfllk-ctual  functions. 
lUboDdean:  Histology  of  the  skiu,  it8  attachments  and  the  (ir);ana  of  seofie. 
Bordiet;  Acclimation.     Ri>1e  of  the  interior  environment  in  the  pheuoniena  of  m- 

elimattou. 
HiDOuvrier:  Homaa  anatomy  and  its  relations  with  psjchology. 
Letoumean :  Mythologic  evolution  among  the  human  racci. 
1.  de  Mortillet :  iDduetr;  oiuong  prehistoric  peoples  and  auiong  modem  savages. 

The  Ninth  International  Congress  uf  Americanists  wah  announced  to 
mept  ill  the  Convent  of  Santa  Maria  dp  la  linbida,  iu  the  province  of 
Hnelva,  Spain,  from  the  7th  to  the  11th  of  October,  1«92.  at  the  close  of 
the  session  of  the  Congress  of  OrientalistK,  to  be  held  in  Seville  Octo- 
ber 1  to  C.  To  celebrate  the  foarth  oentenniiil  after  the  discovery  of 
America,  extraordinary  preparations  were  made.  The  naming  of  the 
continent,  the  voyages  cf  rolumlma,  the  government  of  the  Indiityg  by 
the  different  countries  interested,  and  the  iufiiience  of  Europeans  ui>on 
the  aboriginal  habits  and  govemineuts  and  kindred  topics  were  to  be 
made  prominent.  The  arebxologic,  ethnographic,  linguisti<:,  and  his- 
toric papers  and  debates  were  selected  and  ordered  with  reference  to 
tlie  one  absorbing  event  of  the  year. 

The  American  Association  for  the  Advancement  of  Science  met  in 
Washington  nnder  the  patronage  of  a  Joint  committee  of  all  the  scien* 
tific  societies.  The  Anthropological  Society  of  Washington  and  the 
Women's  Anthropological  Society  were  especially  active  in  giving  suc- 
cess to  their  section.  Pa))ers  germane  to  tlie  study  of  man  were  not 
coDftned  to  Section  H.  The  presidential  address  upon  the  iwssibilities 
of  the  vegetable  kingdom  for  yielding  new  plants  to  the  service  of  man 
was  practically  an  anthropological  pajter.  The  geological  section  also 
listened  to  papers  on  the  quaternary  that  can  not  fail  to  be  instructive 
to  students  of  the  antiquity  of  man.  Section  I,  devoted  to  economics 
and  social  problems,  divided  the  time  of  many  anthropologists  with 
3e<:tion  H.  Prof  Jastrow  presided  over  Section  II,  and  chose  as  his 
theme  "Analogy  as  a  bivsis  of  argument  among  lower  races  and  among 
the  Folk."  Suggestions  were  made  relative  to  the  formation  of  a  sec- 
tion of  psychology  iu  the  association,  bat  it  was  thought  that  more 
vonld  bo  lost  tlian  gained  by  diverting  attention  from  the  general  sec- 
tion of  anthropology.  The  Washington  meeting  was  esivecially  favored 
by  the  bringing  out  of  Maj.  Powell's  Linguistic  llap  of  North  America, 
bypapers  of  Mr.  Frank  Cushing,  and  by  a  minute  recital  of  the  ghost 
dance  by  Mr.  James  Mooney,  who  bad  been  participating  therein  )lji)t^[c 


■r..a.    TlmmaaWilsoiu 

a  '.■^rmpot.    G,  H.  Perkiw. 


>  Italy,  Hondmaii.  ,ai  Ai 


-i;  7T-a»a.  W.  H.  Babcoi-k. 
*«.:  -*r»  aoDiial  reports.in  1891,  beaim 
-^•^  r  -br  CDited  States  National  Md 
—  -r.i  L*hetl  iM  SeventA  Annual  R^ort, 
■X  T  ria  Eartof  the  Rocky  Moantftiiis, 
i  ?— .sj  Letters,  by  J.  Owen  Dorsey; 
I  -uLiWge.  by  J.  C.  Pilling;  The  KlV 
>*,».>•  »-*.i,  to  y.  A.  fJthnol.,  to).  II). 
fp  (Con*,  /fl^-.  ^  JfJ^^ot,  toL 
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VI),  by  J.  Owen  Dorsey;  A  DakotH-£ii};liKli  Dictionary  (Cont.  to  X,  A, 
Etknol.,  vol.  VII),  by  Stephen  K.  Kigfis, 

The  mpiil  popularizatiou  of  anthropological  knowledge  of  the  beut 
sort  is  Been  in  the  Contemporary  Science  Series,  (.'dited  by  Havelock 
Ellis  and  published  by  Walter  Scott,  London.  The  volumes  already 
advertised  are: 

1.  Thu  evolatioa  of  iex.     By  V.  Geiltlrs  anil  J.  A.  Hiodisud. 

2.  Electricity  in  moileni  life.     Ky  <io  Ttini^elman. 

3.  The  origin  of  ttie  Arynus.     By  iBiino  I'aylur. 

i.  Physiognomy  and  oxpreaHion.    By  P.  MaiiU^guizA. 

5.  EvoliLtioD  and  disenM.     lly  J.  B.  Sutton. 

6.  The  village  community.     By  G.  L.  Gommc. 

7.  The  crimiuDl.     By  Havelock  EDis. 

8.  Sanity  an<l  imtanity.     By  Charles  Mrrcier. 

9.  Hypiiotisin.    By  Albert  Moll, 

10.  Manual  trainioK.     By  C.  M.  Woodward. 

U.  The  science  of  fairy  talex.     By  K.  S.  Hartliiud. 

12.  Primitive  folk.     By  Eliu  Ruuliu. 

13.  The  evolntion  of  marriiign.     lly  M.  Letounieau. 

11.  Bacterin  and  their  prodncta.    By  G.  ii.  Wiiodli«ad. 

15.  Education  and  heredity.     By  J.  M.  Gii.viiii. 

16.  The  man  of  geuins.     By  CcHarc  Louibroao. 

For  the  purpose  of  perfeiiting  orguuiziitiou  and  bringing  together  tbe 
various  associations  in  our  country  devoted  to  anthropology,  the  Ameri- 
can Orieotal  Society  appointed  acomuiitti^to  \carn  if  it  were  practica- 
ble to  open  negotiatious  with  (»ther  philological,  archteologicul,  and  eth- 
nological societies  with  a  view  to  ailopting  a  conimon  time  and  place 
for  meeting  every  other  year.  The  following  associations  ore  included 
in  the  list: 

The  American  Oriental  Society.  1842. 

The  American  Philological  ABnocialiciii,  1869. 

The  Arcbieolof^'al  luatitnte  of  America,  1879. 

The  Anthropologii^ul  Society  of  WoBhiugton,  1879. 

The  Society  of  Biblical  Literature  and  ExegueiH,  1880. 

The  Modem  Language  As»oeiatioa  of  Amcricii,  1883. 

The  Amerioan  Folk-Loi-e  Society,  1888. 

The  American  Dialect  Society,  1889. 
The  friends  of  the  natural  history  of  man  will  look  forward  with  great 
interest  to  the  result  of  this  inquiry. 

In  May,  1890,  at  the  ret{uest  of  several  gentlemen  in  C'hicago,  Prof. 
F.  W.  Putnam  outlined  a  plan  for  an  ethnological  and  archa;ologicat 
exhibit,  particularly  relating  to  America,  as  a  desirable  and  instmctive 
lection  of  the  World's  <'olnmbiau  Kxposition,  this  exhibit  to  be.  brought 
together  largely  by  special  exi»Ior!ttiou  and  rescarttii  and  with  the  un- 
derstanding that  it  should  form  the  nucleus  of  a  permanent  ethnolog- 
ical iDusenm  in  Chicago,  Thisplan  was  printed  in  the  Chicago  Tribune 
of  May  31,  1890. 

In  the  following  September,  Pi-<)f.  Putnam  wiw  invited  to  luldress  the 
Committee  on  l^ermancnt  Organization  of  the  National  board  of  (^i 


■!^le 


a-  ■,•••.,  *  -<r-i  ».-..-  ■  JF  i-  .1-  .   .!  1  •r'-r^.r-  -1— ri«i  j_jm  ^»  }c«Mnt  fab 

h^vi  :j-:»^a   l-~. .zL-.r^-.   :~  '-•r  !•'.'.■  c^l  •.•.in2i-~c;> o^r>  wrik  the  title 

«<:  •~:.*n  -j-.y  \z.-ff—--~ti  —  tip  -l-Trj  :  iii«;E-  <rf  rL:»  drpartBKt.  which 
i-  ^i/ri*..:"-:..-  r':-'-'^i  i-  31  -J.-  3.-1:^7:^  LLrerpsc*  vf  :fc*  WoritT^Fiit. 
T-Jt  i..-l'-:-r.^-^':.:.z  '--  :!.•.'.  fr  :;.  tl  -  tii  l-c:  :L««  sliall  readt  a p«- 
iit*:,T:--0;..=Lj  _-  M^-r!i:i.  :'■  z  ..-  ■:-:  .1.— s^-tsof  Natonl  Histur)  (rf 
a  <.-Lari'-r-r  mr-'.j  ',t  "Lr  Ei;-  -.-  ■  z^  a:.«I  -.f  CbJeagot  Tltis  result  vill 
be  ai-j  .-»r«  ij.;«i  -V  !.;.»7  ".-r-.  ■«■-->  t:1;  Lai  wiTa  d^ti^lii  the  fonaUioD 
«f  a  ?r»sit  mc-^nia  ;j  t .;-  •T^::-rai  [■■art  "^f  ••ar  nxmirj-. 

Ill  fi^rm«r  s^aui  ir.-^-«  intr:,r:--:.  L.i:-  i,'«-en  c-jIIm1  to  the  exeeOnjt  an 
thrwp"»";n>-iil  w^rk  tl-'C*?  lu  S.i>z;,  Carobridae.  Wonr*#ier.  »t  YotI.  ■ 
ClevtLii.d,  PLilxi.i-lT.liia.  Wx-_;'  -t.,r:.  Cinisnati.  St.  Lonis.  Daven 
port,  as-il  "'tber  i:-:«-s:  ;>  1:  -L^sir  Ny  n--  !iit-a:is  iatrlud^all  theoi^niwd 
effurt  to  i>n;?«n-e  in  oar  i:>>Q:.tTy  cht  hisixryandnatatalhii^oryof  m 
lo  aliDi>-t  ev«-r>  ,Aiuer;.;iii  liiy  t' iiLp>rc^u<.etht>eare  baiid«d  togptber 
in  wn-iotii-s.  many  I'f  t'ui-ni  inOT^orat"!.  men  and  women  devoted  W 
liouie  braiti.-li  vt'  ariti]r<f]H'l'>;:T.  Umiltin^  llie  medical  societies  tbal 
publir>b  tsoiDfwLat.  i-niiiritfiitly  <  uiali'^t-il  io  the  ladex  Mfdicnt,  tlie 
writ«frlia.s  .^-Hi^lit  to  euamerate  the  <*r;ranizanons  in  the  differeut  States 
tbat  an- <^|Tii|t|K.-d  for  anlLroiM-logiial  work.  Tbe  list  has  been  made 
ionn  iiiteiiti.:[.:i)Iv.  (jnite  as  niDub  lo  awaken  an  interest  in  tbe  study 
of  arcbieology  anil  t-i;.i.'  1  ^y  ;;ji  to  [lut  on  record  their  existence  ami 
tbe  amount  of  ^owl  already  accumiilislifd  by  them.  Many  snbacriptiuii 
journals  in  our  country  also  lend  their  payes  (o  aotbropological  pa|)er& 
a  place  iu  tlie  list  in  reco^ition  of  their  sc^^'ices■ 

iiH  who  will  not  be  surprised  at  the  great  numbers 

nicatinii.     The  work  of  the  future  will  be  to  gather 

zation. 

it'Iy,  TiiM^aliHiKa.     Poblisb  Alabama  Historiral  Repoitet. 

ty,  >itkB. 

irul  Ili»t»rf  nnil  Kthnulugy,  Sitka. 

r'lirk.     I'lilili^b  tranHactiouo. 

rl«.iiiil  tji'U'nicri,  Hosinn,  Miias.    Pabliah  pToceediogs, 

'iilitii-al  ami  tiin-iul  Sriencr,  FbiladelpbU,  Pa.     pnblisbtlir 

cnu  Ai-»il4iuiy  of  Political  null  Social  Scielice. 

it,  Autlirapologicul  Society,  Wasbingtoii,  D.  C. 

1  AMociation,  Bennings,  U.  C.  ^-.  , 
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Anthropologicnl  Society,  Waehinglon,  D.  C,  pnbliah  American  Anthropologist. 
American  Anthropumetric  Society,  Philiulel|iliia,  Dr.  William  Pepper. 
American  Antiqnarian  .lod  Oriental  Journal,  illustrated,  Cbica>;o,  111. 
American  Antiiiuarian  Society,  Worceiitcr,  Mass.     Publish  Archiuoli^ia  Americana. 
American  Association  for  the  Advancement  of  Science,  Salem,  Hasa,     Pabliah  pro- 
ceed! ngH. 
American  Catalogue  (The),  New  York,  office  of  Publiahers'  Weekly. 
American  Catholic  Historical  Researches,  Philadelphia.     Pnblieh  Qnarterly  Mogo- 

Ameriean  Dental  Aasociation. 

American  Economic  A^aociation,  Baltimore,  Md.    Publications,  oontribntlons. 

American  Folk-Lore  i^ociety,  Bouton,  Mosa.     Pablish  Journal  of  American  Folk- 

Lore  (quarterly). 
American  Geographical  Sooiety.  New  York  city.     Publish  bnlletin. 
American  Historical  Association,  Washington,  D.  C. 
American  Institalc  of  Christian  Philosophy,  Philailulphia. 
Americiin  Inntitnte  of  Sacred  Literature,  New  Haven. 
American  Jonrnal  of  Archwolugy  and  History  of  Fine  Arts. 
American  Journal  of  Philolngy. 

American  Journal  of  Psychology  (The),  Clark  University,  Won'ester,  Mau.    Quar- 
terly. 
American  Jonrnal  of  Science,  New  Haven. 
American  Library  Association,  New  York. 

American  Musenm  of  Natural  History,  Now  York  city.     PubliHb  liulletin. 
AmericAD  Naturalist,  Philadelphia. 

American  Numismatic  and  Archinulogical  Society,  New  York  city.     Publish  pro- 
ceed iugs. 
Americao  Oriental  Society,  Cambridge,  Maas.     Puli  11  ah  jonrnal. 
American  Philological  AsHOciatiou,  Bryn  Mawr,  Pa.     Transaction  a. 
American  Philoaophical   Society,   Philadelphia,   Pa.     Publish  proceedings,   traus- 

actions. 
American  School  of  Claaaical  Studies  in  Athens,  nudcr  patronage  of  the  Archno- 

logical  Institute  of  Americn. 
American  Social  Science  Aaaociatinn,  Couconl,  Maea.    Journal  of  Social  Science. 
American  Society  for  Paychical  Rowtarch.     Publish  proceedings. 
American  Society  for  the  Extension  of  Cuiversity  Tuai:hing,  1502  Chcatnnt  street, 

Philadelphia. 
American  Society  of  Chnrcb  History,  New  York.     Papers. 
American  Statistical  Association,  BdsLod,  Mium.     Publiah  publications. 
Annual  Report  of  the  American  Historical  AsHOciation. 

Annaal  Report  of  the  Cnrator  of  the  Itliiscnm  of  American  Archeology,  in  connec- 
tion with  the  University  of  Pennsylvania,  Uuivuraity  Archmotogical  Associa- 
tion, Philadelphia,  Pa. 
Annnal  Report  of  the  Peubody  Museum  of  American  Archaeology  and  Ethnology, 

Cambridge,  Moss. 
Atchieological  ami  Cthnologic^il  Papers  of  the  Pealia  ly  Museum,  C.imliridga,  Mass. 
Archsoiogical  Institute  of  America,  Boston,  Mass.    Annual  Report. 
Areoa  (The),  Boeton,  Mass. 
Ath^D^e  l.onisianais  (L'},  New  OrleauH,  La. 
Arkansaa  Historical  Society,  Little  Rock,  Ark. 
I^ton  Scienti&c  Society,  Bosttm,  Mass. 

HiiBton  Medico-Psychological  Society,  Worcester,  Haas.     Am«rican  .lonmal  of  Psy- 
chology. 
^Um  Society  for  Etliical  Culture,  Dorchester,  Mass. 
BoMou  Society  of  Natural  History,  Boston,  Moss.    Guides  for  Science  Teaofaing.       t 
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Brooklyn  Ethical  Association. 

Brooklj-n  Institute,  Brooklyn,  N.  Y. 

BuUetinaof  Proceeding)).    Year  Book. 

Brookville  Society  Natural  Kistory,  Bronkville,  Ind.     Bnlletin. 

Baflalo Hisloriual  Society,  Buffalo,  N.  Y.     Aanunl  Report  and  Proceedinj^;  Tnn- 

BactiouM. 
Buffalo  Society  of  Natural  Sciencwt,  BnfTaln,  N.  Y.     Bulletin. 
California  Acfldeoiy  of  ScienrcB,  !ian  Franciero,  Cal.     Bulletin;  Memoirs;  Proooed- 

inga;   Occaaiooal  Papers. 
Cali  fomia  Historical  Society,  San  Francisco,  Cal.    Collections. 
Canadian  Kecotd  of  Science,  Montreal,  Canada. 
Caynga  County  Historical  Society,  Auburn,  N.  Y.     Collections. 
Central  Obio  SciontiGi:  Association,  Urbana,  OUio.    Proceodlngs. 
Century  Magazine,  New  York. 

Chantanqna  Literary  and  ScientiRc  Circle,  Bnffalo,  N.Y.    Chautauqnan,  The. 
Cincinnati  Mnnoum  Associatiou.     Art  Academy  of  Ciuoinnati. 
Cincinnati  Society  of  Natural  History,  Ciucianati,  Obio. 
Clark  University,  Worcester,  Mass.     Psycho-physical  laboratory. 
Colorado  Scientt6c  Society,  Denver,  Colo.    Proceedings. 
Colorado,  State  Historical  and  Natural  History  Society  of,  Denver.  Colo.     Notliiuf 

yet  pnblishMl. 
Connectlcnt  Academy  of  Art-i  and  Scieacu!<.  Nen  Haven,  Conn.     Tranaactions. 
Davenport  Academy  of  Natural  Sciences,  Davenport,  Iowa.     Proceedings. 
Delaware  Historical  Society,  Wilmington,  Del. 
Deuison  Scientific  Association,  Denison.  Teiaa.     Memoirs. 
Des  Hoines  Academy  of  Science,  Dos  Moines,  Iowa.     Bulletin. 
Elisba  Mitchell  Scioiititlc  Society,  Chupel  Hill,  N.  C.    Journal. 
Elliot  Society  of  Science  ami  Art,  Charleston,  8.  C.     Proceedings. 
Essex  Institute,  Salem.  Mass.    Bulletin;  Historical  Collections. 
T> — i_.i — i_i   '"'■6,  Boston,  Mass. 

Historical  Society,  Bridgeport,  Conn. 

>l  Society,  St.  Augnstine,  Fla. 

te,  Pliiladelphiu,  Pa,     Journal. 

lal  Association,  Philadelphia,  Pa. 

icieutiGc  Society,  Avon,  IB. 

iiety  of  the  Pacific,  San  Francisco,  Cal.    Ko^mos  (the  official  orgio 

ctions;  Proceedings.  { 

at  Society,  Savannah,  Qa.    Collections.  : 

Portland,  Me.     Publications.  { 

■ical  Society. 

,  Cambridge,  Mass.    Quarterly  Journal  of  Economics.  ! 

liweatcru  Arohteological  Expedition.    A  journal  of  American  Etii- 

Irclia-ology,    Boston,  Vol.  i,  1889. 

,j  of  Nashville,  Tenn. 

y  of  America,  New  York  City.    CoBections;  Proceedings. 

itorical  Society,  Springtteld,  111.    Practically  only  a  library. 

of  the  Library  of  the  Snrgeon-General's  Office,  Washington,  P.  C 

Washington.  D.  C.  ' 

ssocintion,  Philadelphia,  Pa. 

f  Sciences,  Des  Moines,  Iowa.     Proceedings. 

■rical  Society,  Des  Moiues,  Iowa.     Iowa  Historical  Record. 
Historical  Society,  Watertown,  N.  Y. 

Iniversity,  Baltimore,  Md.     Universal  History  and  Politicsl  Scifim 

lal  Science,  Education  aud  Government,  American  Jonmal  of  tU- 

lies  &om  Biological  Laboratory.  (  'i  ii  lol  ' 
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Joaniat  (A)  of  Araericao  lOthnology  and  Aichii'ology,  Tttwtnn  mid  Ne«  York. 

Journal  (The)  of  American  Pulk-Lore,  IloBton  and  New  York.     Qnnrterly . 

jDnmal  of  the  Military  Service  Institution,  New  York. 

Kansas  Academy  of  Science,  Topeka,  Kana.    Tranaactions. 

Kaotaa  State  Historical  Sooiety,  Topeka,  Kann.     Triknsactioaa. 

Lackawaooa  iQetitnte  of  lliatoiy  and  Science  (  f ),  Pn.    ProDceiliugs  anil  Coliectiona. 

Lexington  Hintnrical  Society,  Lexington,  Mass.     I'roceriliusa. 

Lina^an  Society  of  New  York,  New  York  C'it>.  TrauBai-tious;  Abstract  of  Proceed- 
ing". 

Long  Island  Historical  Society,  Brooklyn,  S.  Y.     MeinoirH. 

Lonisiaoa  Historical  Society,  Baton  Kinigf ,  La. 

Lowell  Institute,  Boston,  Mmw.    ConncHof  lecturen. 

Magazine  of  American  Hislory.     Quarterly. 

Maine  Historical  Society,  Portland,  Mc.  CoHcctions ;  Proceeilings  and  Collections, 
new  Rerics;  Docnmcntury  History  of  Maine. 

Ualcaatec  College,  St.  Paul,  Mian.     Coutribntiona. 

Maryland  Academy  of  Sciences,  Baltimore,  Mil.    Transactions. 

Maryland  Historical  Society,  Baltimore,  Md.     Annual  Report. 

MassBch use tts  Historical  Society,  Boston,  Mnm.     Collections;  Reports. 

Heriden  Scientific  Association,  Hertden,  Conn.     Transactions. 

Metropolitan  Museum  of  Art,  Central  Park,  New  York. 

Michigan  Pioneer  and  Historical  Society,  Lansiui;.  Mich.  Pioneer  Collections;  His 
turical  Collections. 

Miildleburj  Historical  Society,  Midillolinry,  Vt.     Papers  and  Proceedings. 

Minnesota  Academy  of  Natnral  .Sciences,  .Minneapolis,  Minn.     Bulletins. 

Minnesota  Historical  Society,  St.  Panl.  Minn,  Collecti<ms;  History  of  OJiliwa  Na- 
tion ;  Biennial  Reports. 

Miuissippi  Historical  Society,  Jackson,  Miss. 

MisBonri  Historical  Society,  St.  Lonis,  Mo.     Publications. 

Modem  Lanj^nge  Association  of  America,  Baltimore,  Mil,  Transactions;  Transac- 
tions and  Proceedings;  Proceedings;  Publications, 

Manisl  (The),  Chicago.  III.    Quarterly  Magazine. 

National  AciUlemy  of  Sciences,  Washington,  I>.  C.     Annual  Reports;  Memoirs. 

KatioDul  Edncaiioual  Association,  Washington,  D.  C.     Proceedings. 

Kational  Geographical  Society,  Washington,  D.  C.     National  Geographical  Mag- 

Kational  Prison  Association.    Reports. 

Nfttatal  Hiatory  Society  of  Carbondale,  111. 

Nature's  Realm,  New  York.    A  monthly  magazine. 

Nebraska  Stat«  Historical  Society,  Lincoln,  Neb.     Report  of  Secretary    Biennial: 

Transactions  and  Reports. 
Newbnrgh  Bay,  Historical  Society  of.  Newbargh,  N.  Y. 
New  England  Historical  and  Genealogical  Itegistcr,  Boston,  Mass. 
New  Hampsliire  Antii|uaTiun  Society,  Hopkinton,  N.  II. 

New  Bam{>shire  Historical  Society,  Concord,  N.  H.     Collections;  Proceedings, 
New  Haven  Colony  Historical  Society,  New  Haven,  Conn.     Papers. 
New  Jersey  Historical  Society,  Newark,  N,  J.     Proceedings;   Documents  relating 

to  the  oolonial  history  of  New  Jersey ;  Journal  of  the  Uovernora  and  Conncil  of 

New  Jersey. 
New  Jersey  Natnral  History  Society,  Trenton,  N.  J.     Journal. 

Ne«  London  Coonty  Historical  Society.  New  London,  Conn,     Records  and  Papers. 
Sew  Mexico,  Historical  Society  of,  Santa  Ke,  N.  Mex. 
New  Orleans  Academy  of  Sciences,  New  Orleans,  La.     Papers. 
Newport  Historical  Society,  Newport,  li.  I.     Reports. 
Newport  NAtnrftl  History  Society,  Newport,  R.  I,    Proceedings.  „,  i   CtOOqIc 
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Neirtuu  Niitunil  Hislorf  Swiety,  Newtunville,  Mass.     Btillptiu. 

New  York  Historioiil  Society,  New  Yurk  City.     Colk-ctionB. 

New  York  Academy  of  Antliropology,  NewYork  City.    Traiuiartiotis;  MiscellanoiiiH 

New  York  Acwleiiiy  of  SoisDcea,  New  York  Citj-.    Annals;  Trousoctions. 
New  York  State  Maseam  of  Natural  History,  Albany,  N.  Y.     BiiUetfa. 
North  CarolioB  Hintoriciil  Society.  Cliupel  Hil],  N.  C. 

Numismatic  and  Antiquarian  Society  of  Pliiladelphia.    Report  of  Pr«o«edingB. 
Ohio  Archicological  anil  HiBtocical  Society,  Colombiis,  Ohio.   Pahlicatione,  quarterly- 
Ohio  Historical  and  Philosophical  Society  of  Ctncinriati,  Ohio.     Annnal  reports; 

Pnblications. 
Old  Colony  Historical  Society,  Taunton,  Mass.     Collections;  Proceedings. 
Oneida  Historical  Society,  Utica,  N.  Y.    0])en  Conrt  (The),  weekly,  ChicSigo. 
Oriental  Clu1j,  Philadelphia.    Penneylvauia  University. 
Overland  Monthly,  San  Francisco. 

Puabody  Museum  of  American  Archieology  and  Ethuology.    Annual  report. 
Peabody  Academy  of  Science,  Salem,  Mass.     Publications;  Memoirs. 
Pedagogic  (The)  Seminary,  Clitrk  University,  Worcester,  Mass.,  G.  Stanley  Hall. 
PennsylvaoJa  (The)  Magazine,  I'hiladelphia,  Pa.     Quarterly, 
PeuDsylvania  Historical  Society  of  Philadelphia,  Pa.     Pennaylvauia   Magazine  of 

History  and  Biography,  quarterly, 
Pennsylvania  Htsturical  Society  of  Pittsburg  and  Western  Pennsylvania,  Pittsbnr;, 

Pa. 
Philadelphia  Academy  of  Natural  Sciences,  Philadelphia,  Pa.    Journal;  Frocfed- 

ings;  monthly. 
Philadelphia  Social  Science  Association,  Philadelphia,  Pa.  (now  merged  into  Acad- 
emy of  Political  and  Social  Economy  of  America). 
Pejepscot  Historical  Society,  Brunswick,  Me.    CoUectiona. 
Political  Science  Quarterly  (The),  New  York. 
Popular  Science  Monthly  (The),  New  York. 

Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia. 
Proceedings  of  the  Aincricau  Antiquarian  Society,  Worcester,  Mass. 
Proceedings  of  the  Amcricau  Association  for  the  Advancement  of  Science. 
Proceedings  of  the  Canadian  Institute,  Toronto,  Canada. 
Qnarterly  Bibliography   of  Anthropologic   Literature,  American   Anthropologiat, 

Washington,  in  every  number. 
Qnarterly  Journal  of  Economics,  Harvard  Univori>ity,  Cambridge,  Mass. 
Rhode  Island  Historical  Society,  Providence,  U.  I.     Proceedings;  collections. 
Rochester  Academy  of  Science,  Rochester,  N.  Y.     I'roceedings. 
Santa  Barbara  Society  of  Natural  History,  Santa  Barbara,  Cal. 
School  of  Applied  Ethics,  Plymouth,  Mass. 
-  Scientific  American,  with  Supplement,  New  York,  weekly. 
Semitic  Department,  Harvard  University.     Programme  separate. 
Seventh  report  of  committee  appointed  to  investigate  the  physical  ohataeten,  Iin- 

gnages,  and  industrial  and  social  condition  of  the  Northwestern  tribes  of  Um 

Dominion  of  Cauada.    Report  British  Association  for  Adrancement  of  ScieiM 

1891,  V.  III. 
Smithsonian  Institution,  Washington,  D.  C. 

Society  for  Political  Education,  New  York  City.     Economic  Tracts. 
Sonth  Carolina  Historical  Society,  Charleston,  S.  C.    Collections. 
Southern  California,  Historical  Society  of,  Los  Angeles,  Cal.     Constitution;  Wsnii 

and  Cold  Agee;  Annual  Publications. 
Southern  Historical  Society,  Ri<'hmond,  Va.     I'apers. 
Sonth  Nantick,  Historirnl,  Natural  History,  anil  Library  Sooiety  of,  1 

A  review  of  the  first  fourteen  years  of  the.  (-^  t 

L:,y,l,.euL7COO^k 
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SUten  Island,  Natural  Science  Asaocintiou  uf  New  Kriglitiiti,  N.  V.     I'rocetiiltDgs. 
St.  LoiiiR.  Academy  of  ScivDoe  of  Minsiiiiri.     Traaaai^tious. 

St.  Paul  Acsdemy  of  Scieuce,  St.  Panl,  Miirn. 

Taeoma  Academjr  of  Sciences,  Taciima,  VViiahiDgton,  D.  C. 

Tenneswe  Hiatoricnl  Society,  Noehvillc,  Toiid. 

ToDDeMee  Historical  Society  Papers.     Proceedings  of  tlic,  at  Mnrfreenlioro. 

Texas  State  Historical  Society,  Texas. 

TeiM  Arademy  of  Science,  Dr.  Everhnrt,  president. 

TnnMctions  of  the  Cauiwlian  Institute,  Toronto. 

Transactions  of  tho  Psychological  Society  of  Moscow. 

Union  Ethical  Society,  Pbiliulelphia,  Pa.  The  ICthical  Beoord  (ten  unnilwra  onlyj 
snccee<led  by  the  Iiit«niational  Journal  of  ICthics. 

United  Stiites  National  Hiiseuin,  WashinRtni).  1>.  C.     Bnlletins. 

University  Archreotogical  Association  of  tho  University  of  Pennsylvania,  in  Phila- 
delphia. Designed  to  co-opeTat«  with  the  dojiartmeiit  uf  arcba-ology  and  paleun- 
toloKy. 

Unirersity  of  Michigan,  Ann  Arbor,  Mich.     Philoaophiral  Papers. 

Uuivenity  of  Nebraska,  Lincoln,  Nrb. 

Unireislty  Stndiea.    Department  of  History  and  Economics.     Seminary  papers. 

UniTersity  of  I'ennsylvania.     Philadelphia,  Pa. 

Virginia  Hiatoricu]  Society.  Richmond,  Va.     Virginia  historical  collections. 

West  American  Scientist.    A  popular  monthly  review  and  record  for  the  Pacifio 

Western  Reserve  and  Northern  Ohio  Historical  Society,  Cleveland,  Oblo.     Report 

twenty-fourth  annnal  meeting. 
Weymouth  Historical  Society,  Weymouth,  Mass.    Publications. 
Wisconsin  Academy  of  Sciencos,  Arts,  and  Letters,  Madison,  Wis.    Tranaactiona. 
Wisconsin  Naturalist,  Madison,  Wis.     Monthly. 
WiscoDsiu,  Natural  History  Society  of,  Milwaukee.  Wis.     I'toceedings ;  occaaional 

papers. 

The  anthropological  museum  is  aa  essentia)  part  of  the  oatural  his- 
tory of  man.  The  true  motive  aud  npirit  of  a  useful  museum  are  well 
set  forth  iu  Dr.  Goode't  lecture  ou  the  museums  of  the  future.  The 
ideas  enforced  tliereio  connect  exhibition  with  study  and  instruction, 
and  make  it  plain  tbat  the  founders  of  such  an  organization  should 
provide  for  indefinite  expansion.  Tlic  dearth  of  enterprise  and  euthu- 
aiasm  aiH>n  this  interesting  field  has  been  in  the  past  a  i^ause  of  lament. 

In  the  University  of  Pennsylvania  the  mu.senm  of  arcbfe<)logy  is  in 
successful  operation,  aud  since  1889  a  "  University  Archajological 
Association"  liaa  grown  to  have  a  contributing  membership  of  271). 
The  president  of  the  university  is  al^to  presiding  officer  of  the  associa- 
tion, and  there  is  tbe  closest  sympathy  between  this  organization  and 
the  department  of  arcb.'eology  and  patiPontology  in  tbe  University. 

A  department  of  archaiology  aud  palieoutology  in  the  University, 
with  American,  Babylonian,  Egyptian,  aud  Oriental  sectiotis  in  the 
Museum  of  Archaeology  and  Palceontology,  has  been  oigauized  with 
Mr.  Stewart  Oolin  as  secretary. 
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The  following  proposed  classification  and  international  nomeuclatnre 
of  the  aiithro|>ologic  Bcieuces  liaa  been  offered  by  Dr.  D.  G.  Brinton: 

ANTR  ROPOLOGT. 

I.  Somatology. — Physical  and  experimental  anthropology. 
II,  Ethnology. — Historic  and  analytic  anthropology. 

III.  Ethnography. — Geographic  and  desctriptive  anthropology. 

IV.  Archeology.— Ptehiatoric  and  reconstructive  anthropology, 

I.  Somatology.— I.  Internal  somatology:  Ost«ology,  craniology,  pro- 
sopology,  myology,  splanchnology.  2.  External  somatology:  Antliro- 
pometry,  color,  hair,  canons  of  proportion,  physical  beanty.  3.  Psy- 
chology; Experimental  and  practical,  sensation,  rates  of  nervous  im- 
pnlse,  brain  and  nerve  action.  4.  Developmental  and  comparative 
somatology:  Embryology,  heredity,  teratology,  human  biology,  evola- 
tiun,  anatomy  of  anthropoids,  ethnic  anatomy  and  physiology,  compara- 
tive nosology  and  medical  geography,  fertility  and  sterility,  racial 
pathology,  criminal  antliropology,  vital  statistics,  anatomical  classifl- 
catioDof  races. 

II.  Ethnology. — 1.  Sociology:  Systems  of  government  and  the  so- 
cial contract,  laws  and  ethical  standards,  the  marriage  relation  and 
rales  of  consanguinity  and  descent,  social  classes  and  institutions,  io- 
ternational  relations  (war,  commerce,  colonization).  2.  Technology: 
The  utilitarian  arts,  as  tool-making,  ceramics,  architecture,  agricnl- 
ture,  means  of  transportation,  clothing,  weights  and  measures,  media 
of  exchange;  the  lesthetic  arts — mnsic,  drawing,  painting,  sculpture, 
decoration,  games,  cookery,  perfumery.  3.  Beligion:  Psychological 
origin  and  development;  personal,  family,  tribal,  aud  world  religious; 
animism,  fetichism,  polytheism,  monotheism,  atheism;  mythology  and 
mythogeny;  symbolism  and  rcligiousart;  sacred  places  and  objects; 
rites,  ceremonies,  and  mortuary  customs;  religious  teachers,  classes 
and  doctrines;  theocracies;  analyses  of  special  religious;  philosophy 
and  natural  history  of  religious.  4.  Linguistics:  Gesture  and  sign  lan- 
guage; spoken  language — parts  of  speech,  logic  of  grammar,  origio, 
growth,  and  classification  of  languages,  relation  to  ethnography;  writ- 
ten laugnage — pictographic,  symbolic,  ideographic,  and  phonetic  writ- 
ing, evolution  of  alp)  I  abets,  phonetic  systems;  forms  of  expression- 
poetic  (metrical,  rhythmical),  dramatic,  prosaic.  5.  Folk-lore:  Tradi- 
tional easterns  and  narratives,  folk-sayings,  superstitions  beliefe  aod 
practices. 

III.  Ethnography. — 1.  (reneral  ethnography:  Origin,  characteristics, 
and  subdivisions  of  races  and  peoples;  the  "  geographical  provinces" 
or  "areas  of  characterization;"  antbropo-gcography ;  lines  of  miTra- 
ijons  and  national  intercourse.  2.  Special  ethnography:  The  Kuraf* 
rican  or  WhiU-  Race  (North  Mediterranean  and  South  Mediterranrao 
branches),  the  Austafrican  or  Black  Race,  the  Asian  Race  (Sinitic  and 
Sibiric  branches),  the  American  Race,  Insular  and  Littoral  peoples 

Nigritic,  Malayic,  and  AustraUo  stocks). 
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IV.  Arckfrolog^. — 1.  General  arcliiealogy :  Geology  of  the  epocb  of 
man;  glacial  phenomeua;  diluvial  and  alluvial  deposits;  physical 
geography  of  the  quaternary;  prehistoric  botany  and  zoology;  pre- 
historic ages — the  age  of  stooe  {paliBolithic  period,  ueolithic  period), 
the  age  of  bronze,  the  age  of  iron,  prehistoric  coinmerce,  paleth- 
nology;  proto-historic  epoch.  2.  Special  archieology:  Egyptian,  As- 
Byriau,  Pheuician,  Classical,  Medieval,  aud  American  Archeeology. 


On  the  biological  side  the  best  comprehcDsive  survey  of  anthropology 
is  Topinard's  "  L  'Homme  dans  la  Nature."  It  will  he  remembered  that 
ID  1876  the  author  published  his  "Anthropologie,"  an  elementary 
treatise  inspired  and  patronized  by  Broca.  In  1886  appeared  the  au' 
tbor'a  "  Elements  d' Anthropologic  Generale,"  an  elaborate  volume  of 
over  eleven  hnndred  pages,  of  which  the  present  work  is  a  comprehen- 
Bive  abridgement,  bringing  the  subject  down  to  date.  The  lectures  in 
the  Ecole  d'AnthropoIogie,  based  on  studies  made  upon  materials  gath- 
ered in  the  museum  of  the  Societe  d'Vnthropologie,  the  Musee  Broca, 
of  the  Ecole,  and  in  other  collections  of  Paris,  continue  to  be  the  best 
effort  to  make  public  the  results  of  biological  anthropology.  In  our 
own  country,  outside  the  medical  colleges  and  the  Surgeon  General's 
laboratory,  little  anthropo-biological  work  was  done;  au  exception  !s 
t^»be'made  in  the  matter  of  psycho-physics.  If  one  should  wish  how- 
ever to  become  acquainted  with  the  biological  work  of  the  world,  he 
would  only  have  to  turn  to  the  Index  Medicos  aud  the  Index  Catalogue 
of  the  Surgeon  General's  library.  The  purely  anthrojiolngical  part  of 
these  catalogues  also  appears  in  the  current  numbers  of  American  An- 
thropologist, edited  by  Dr.  Robert  Fletcher. 

PgjrcAo-j?Arync«.— Forthestudy  of  psysho-physicsand kindred  branches 
of  anthropology  the  American  Journal  of  Psi/chology  is  the  standard 
aathority.  The  current  literature  of  the  world  is  there  reviewed,  and 
the  titles  of  foreign  periodicals  and  journals  contributing  to  the  science 
are  given. 

In  March,  Dr.  Henry  H.  Donaldson  delivered  before  the  Boston 
Medico-Psychological  Society  a  course  of  «ix  lectures  on  cerebral  local- 
ization. This  series  draws  attention  to  a  doubly  interesting  fact, 
namely,  the  existence  of  a  medico  psychological  society,  coupled  with  a 
course  of  public  lectures  for  pedagogical  purposes.  The  subjects  of 
the  lectures  were  as  follows: 

(I)  Recent  advances  in  our  knowledge  concerning  the  structure  of 
nerve  cells  aud  nerve  fibers,  and  the  relation  of  these  to  one  another. 
The  most  valuable  anthropometric  publication  of  the  year  is  Bisley's 
"Tribes  and  Castes  of  India,"  two  octavo  volumes,  coutaiuing  876  pages 
of  measurements,  to  be  followed  by  a  volume  which  will  give  full  analyses 
of  the  data,  indicating  their  bearing  upon  the  ethnology  of  northern 
India,  and  also  upon  certain  more  general  questions  which  have  beer 
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discnssed  in  Europe.  The  measarements  were  taken  in  Bengal,  the 
Morthwratem  Provinces,  and  the  Panjab,  in  1886-1888.  Topinard's 
measures  and  instruments  were  employed,  vitb  the  exception  of  the 
naso  malar  index  of  Oldfield  Thomas.    {J.  Anthrop.  T»rf.  May,  1885). 

(2)  Continuation  opon  the  architecture  of  the  nervoos  system. 

(3)  The  motor  regions  of  the  brain.  The  middle  portions  of  both 
hemispheres  contain  motor  centers. 

(4)  The  sensory  centers.  The  motor  centers  form  a  dividing  line  in 
the  cortex,  behind  which  lie  the  sensorj'  centers,  and  in  ftoot  is  an  nn- 
occopied  area  which  is  lett  out  of  the  discussion. 

(5)  Cerebral  localization  in  the  vertebrate  series  becoming  leas  per- 
fect as  we  pass  downward. 

(C)  The  principal  explanations  which  have  been  offered  for  the  phe- 
nomena of  cerebral  localization  and  some  of  the  iKiints  of  contact  be- 
tween these  phenomena  and  psychology. 

Br.  Donaldson's  observations  on  the  brain  and  several  sense-orgaoB 
of  the  blind  deaf-mnte,  Lanra  Dewey  Bridgman,  in  the  American  Jour- 
nal of  Psychology  (iv,  248-249)  is  accompanied  with  a  bibliography  of 
ninety-two  titles,  bearing  upon  the  stndy  of  the  brain  and  sense  organs 
in  itealth  and  disease.  These  titles  are  numbered  and  references  to 
them  in  the  test  are  made  by  the  numbers  and  not  by  foot  notes. 

Dr.  Edmund  C.  Saoford  presents  iu  the  American  Journal  of  Ptjf- 
ehology  (IV,  141-155)  the  outlines  of  a  course  of  study  of  lectures  in 
physiologiciil  psycliolopy.  This  is  done  not  only  to  encourage  the  estab- 
lishment of  laboratories,  but  to  assist  college  men  and  others,  who  are 
not  prejtared  to  make  original  investigations,  in  repeating  the  experi- 
ments of  the  best  establishments.  In  each  case  the  apparatus  and  the 
method  of  applying  it  arv  minutely  described.  The  following  program 
is  followed: 

I.  The  dermal  senses. — ,1)  Sensations  of  contact.  (3)  Sensations  of 
temperature.    (3)  Sensations  of  pressure. 

II.  Static  aaA  leiwvsthetic  senses. — (1)  Becognition  of  tlie  postnre  of 
the  body  as  a  whole.  {'2)  Sensations  of  rotation.  (3)  Sensation  of 
progressive  motion.  (4)  Muscle  sense.  (.^)  Innervation  sense.  (6)  Sen- 
sations of  motion.  (7.)  Sensation  of  resistance.  (8)  Bilateral  assyoi' 
metrics  of  position  and  motion. 

In  an  elaborate  paper  on  the  psychology  of  time,  Mr.  Hebert  NicboJ* 
reviews  the  tenns  and  expressions  for  time  in  the  classic  aathore,  fol- 
lows the  conception  of  a  jisychnlogical  re4;ognition  of  time  bistoricallyr 
and  completes  his  essay  witli  a  review  of  modern  psycho-physical  experi- 
ments in  this  direction.  As  a  summary  of  the  experiments  of  Horinfr 
Mach,  Vierordt,  Kollert,  Estel,  Mehner,  Glass,  Stevens,  Ejner,  and 
MUnsterberg  the  most  conclusive  result  may  thus  be  smumed  np. 

Nearly  all  persons,  under  nearly  all  conditions,  find  a  particular  len^ 
of  interval  more  easily  and  accurately  to  be  judged  than  any  otiw. 
This  "indifference  ptniit,"  or  interval  of  best  judgment,  is  very  van- 
able  for  different  individuals  and  for  different  times  and  conditions. 
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"The  aign  of  the  Constaat  Error  is  usually  constant  in  both  direc- 
tions from  the  Indiflfereiice  Point." 

Where  norm  and  re-prod oction  are  single,  the  constant  error  is  mtntu 
for  intervals  longer  and  plus  for  intervals  shorter  than  the  iodiflierence 
iaterval.  "  Wliere  norm  and  re-production  are  multiples,  the  constant 
error  isplua  for  intervals  longer  and  minun  for  those  shorter  than  the 
indifference  interval.  The  majority  of  evidence  is  strongly  against  the 
validity  of  Weber's  law;  also  against  any  fixed  or  constant  periodicity. 

"Later  investigators  louk  to  physiological  processes  for  explanations 
of  time  judgments,  and  particularly  to  rythmic  habits  of  nerve  centers. 
Whether  such  processes  as  breathing,  pulse,  leg-siving,  etc.,  govern 
our  perceptions  or  whether  the  more  general  rythmic  functions  of  the 
higher  cephalic  centers  are  in  themselves  the  basis  bf  time  judgment  is 
DOW  the  importauc  qnestion." 

In  1890,  was  founded  in  Hamburg  and  Leipzig,  ZeiUchrtft  fur  Pay- 
ekotogifi  und  Physiologie  der  Sinneaorgane,  a  bimonthly  octavo  under 
the^itorsbip  of  Hermann  Ebbinghaus  and  Arthnr  Konig,  assisted  by 
H.  Aubert,  S.  Exner,  H.  v.  Helmholtz,  E.  Hering,  J.  v.  Kries,  Th.  Lipps, 
Q.  E.  MUller,  W.  Preyer,  and  0.  Stumpf. 

Original  papers  by  the  most  distinguished  investigatr>rs  are  pub- 
lished in  each  number,  works  of  chief  importance  are  reviewed,  and,  of 
the  greatest  value,  a  bibliography  of  psycho-physical  literature  for  1889 
is  given  ia  tbe  fourth  number,  pages  3t)5-118.  This  bibliography  is  a 
model  of  convenience.  Tbe  titles  are  classified  and  numbered  and  an 
alphabetical  list  of  antbori^  refers  in  each  case  to  the  title  of  the  author's 
book.  Tbus  it  is  possible  to  exbibit  the  claiisidcation  of  the  material, 
the  full  title,  and  to  find  the  work  tlirough  three  separate  lists. 

The  Society  for  Psychical  Research  continued  its  active  investigations 
upon  the  phenomena  of  hypnotism,  animal  magnetism,  suggestive 
therapentics,  psycbo-therapeutics,  phant^isms  of  the  living,  phantasms 
ofthe  de  id,  clairvoyance,  premonitions,  hallucinations,  thought-trans- 
ference or  telepathy,  and  the  like.  In  order  to  stimulate  its  ftiends 
tiiid  members  to  renewed  activity,  a  circular  was  issued  insisting  that 
"  the  value  to  be  attached  to  the  evidence  already  collected  must  largely 
depend  on  its  continuous  reenforcement  by  fresb  cases  of  like  kind 
observed  with  care  and  recorded  without  delay.  In  the  second  place, 
snpposing  that  the  general  facts,  say  of  telepathy  or  of  veridical  appa- 
ritions, were  even  universally  admitted,  it  would  still  be  a  matter  of 
prime  interest  and  importance  to  discover  as  much  as  possible  of  the 
laws  which  govern  these  strange  phenomena,  and  it  is  therefore,  impos- 
sible to  assign  any  limit  to  the  number  and  vanety  of  cases  which  might 
be  collected  and  registered  with  tbis  end  in  view." 

The  most  noticeable  advance  in  the  prosecution  of  this  part  of  anthro- 
pological work  is  in  the  line  of  co-ordinatiou  and  co-operation.  The 
Psychological  Society  of  Moscow  was  founded  in  1888  for  the.discus- 

sion  of  problems  in  psychology,  its  foundation,  theory,  *pirfi<»noi^~i(i^  ''^" 
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history.    The  society  lius  published  three  volumeB  of  transactions.    A 
journal  was  founded  entitled  "Prob/enu  in  Philosophy  and  Pgychotogif.^ 

A  grant  waa  made  to  the  Toronto  Unirersity  for  the  equipment  of  a 
laboratory  of  experimental  psychology.  Offers  were  made  to  students 
at  once  to  furnish  such  app^atus  as  should  bo  needed  for  the  present 
purposes,  and  promises  given  that  the  proriucial  government  wonid 
print  the  results  of  the  investigation  should  these  results  varraut  it 

For  the  study  of  psycho-physics  and  kindred  branches  of  anthropot- 
o;;y,  the  Ataeriean  Journal  of  Faychologg  is  the  standard  authority. 
The  current  literatare  of  the  world  is  there  reviewed  and  the  titles  of 
foreigu  periodicals  and  )oarnals  coutribnting  to  the  science  are  gtveo. 
Ontside  of  this  eminent  journal  the  entire  literature  of  the  sabject  is  to 
be  sought  in  the  foUowing: 

Allgemejiie  Zeilschrift  fltr  Ps;ohiatrie  and  psyobisch-getichtlicke  Hedtcin. 
Annalea  MSdioo-PaychologlqaM, 
Archives  de  Nearoloftle.     Charcot,  Paris. 
Arcttiv  fUr  die  gesammte  Physiologie.    PdUger. 
Arohlv  fllr  Physiologie.    Daboia-Reymoad. 
Archiv  fUr  Payohiatrle  uod  Nerven-Krankbeiten. 

DeutMhe  Zeitaobtift  fllr  Nerreabeilkande. 

Mind. 

Phlluaophiacbe  Studien.    Waodt. 

Kevae  de  rHypaotisme.    Bfirillon. 

Revae  PhllosopbiqDe.    Rlbot. 

RJTisU  Hperimentole  di  Freoiatria  e  di  Medeoiaa  Legale. 

Zeitschrift  filr  Payabologie  aad  Pbysiologie  der  SiaaesorgAoo.    Ebbiogbaaa. 

ETHNOtOGY. 

Two  contributions  to  ethnographic  science  made  in  this  year  shonld 
be  named  together,  Powell's  Linguistic  Map  of  Korth  America  and 
firintou'8"American  Race."  The  former  is  the  gathei-edresaltof  all  that 
has  been  done  hitherto  in  locating  North  American  stocks  and  tribes, 
systematized  and  put  into  shape  by  thirteen  years  of  continuous  eSurt 
of  M^or  Powell  and  the  Bureau  of  Ethnology.  The  latter  may  also  be 
called  the  result  of  a  life-long  inquiry.  The  ethnogi-aphy  of  South 
America  has  been  in  an  unsatisfactory  condition,  and  the  first  thing  to 
do  was  to  sum  up  carefully  previous  knowledge.  This  Dr.  Brinton  has 
accomplished,  thus  paving  the  way  for  systematic  effort  in  the  fature. 
Below  will  be  found  the  North  American  storks  as  arranged  by  Mtyor 
Powell,  followed  by  a  list  of  stocks  as  laid  down  by  Dr.  Brinton.  The 
two  form  a  continuous  series  from  one  end  of  the  continent  to  the  other, 
the  sto(;ks  being  arranged  alphabetically  under  three  titJes,  !Hortli 
America,  Middle  America,  Sonth  America. 

NORTH    AMBEUCAN  STOCKS. 

AlgoDqnlan:  Of  tbe  North  Atlantio  ai^aboArd  andweat  tbroagb  tbe  Northern  Statea, 
Luke  region,  and  Canada  to  tlir  Rocky  Moimtaina. 

Atbiipa«»u:  Of  thi)  iut -rior  uf  Ilritisb  Amorira;  isolated  commuuitiaa  od  tbe Co- 
lumbia River,  Oregon,  California,  AciEona,  and  Neir  Mexic«. 
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Attuapan :  Area  on  TexM  ooHt. 
Beathnkui:  Portion  of  NewfonndUtid. 

CiddosD!  Of  northern  Xebraaka,  wetttern   ArkaDsaa,  tonthem   Indian   Territory, 
wMteni  Loniaiana,  and  northern  Tokos. 
'    ChimikaaD :  Of  part  of  the  sontbem  Bhom  of  Pnget  Soand. 
r    Chimarikan:  On  New  and  Trinity  river.i,  Northern  CaliforniA. 

ChiDtm«ijr»n.  The  region  of  Nnase  »nd  Skeeua  rivers,  west  coaat  of  British  Colnm- 
bia. 

dunooknn :  Banks  of  the  Colnmbia  Kiver  as  fkr  up  aa  The  DalleB. 

Cbitimachau:  Abont  Lake  Barataria,  southern  Lonlsiana. 

ChmnaBhan ;  Coaat  of  Califomia  (Vomftboii  t  the  thirty-fourth  parallo]  to  n  little  north 
of  the  thirty-flfth. 

CoahniltecAD :  Of  sonth western  Texas  and  nortbeaxteru  Mexico. 

Oopchau:  West  of  the  Hacrnmento  an  far  north  as  Hoant  Shaata,  California. 

Coetanoan :  Coast  of  California  fk'om  the  Goldeu  Gate  soath  to  Hont«rej  Baj. 

Eakiniauau :  East  and  west  coasts  of  Greenland ;  coant  of  Labrador  as  far  aoiith  as 
Hsniillou  Inletj  and  thit  Arctic  coaxt  westward,  iuctuiUng  part  of  the  shore  of 
Hudson  Bay,  to  western  Alaska,  tnclnding  the  Aleutian  Islands. 

Esaelenian:  Coast  of  California  from  Monterey  Bay  to  Sauta  Lneia  Monntaiu. 

Iroqnoin:  The  Ht.  Lawrence  Itivei  region  north  of  Lake  Erie,  northern  Pennsylvania, 
Stateof  New  York,  the  lower  Susquehanna  in  Pennsylvania  and  Maryland,  north- 
eastern North  Carolina,  sonthwestem  West  Virginia,  western  North  Carolina, 
and  moat  of  Kentucky  and  Tennessee. 

Kalapooian :  Valley  of  the  Willamette  River,  Oregon. 

Karankawan:  Texas  coaat  around  Matagorda  Bay. 

Kereaan :  Upper  Rio  Orande,  and  on  the  Jemes  ftnd  Son  Joa6  rivers,  New  Mexico. 

Kiowan :  Upper  Arkansas  and  Purgatory  rivers,  Colorado. 

Kitonaban :  Cootenay  River  region,  mostly  in  Britiab  Colnmbia. 

Kalnschan :  Northvest  coaat  from  55°  to  60°  north  latitude. 

Eolanapan :  Rnssian  Rirer  region,  and  California  coaat  (toia  Bodega  Head  north  to 
abont  latitude  39°  30'. 

Kosan:  Coaat  of  middle  Oregon,  Coos  Bay  and  River,  and  at  the  month  of  Coquille 
Biver,  Oregon. 

Lntaainian :  Region  of  Klamath  Lakes  and  Sprague  River,  Oregon. 

Uaripoean:  Interior  of  California,  east  of  the  coast  range,  and  south  of  Tulare  Lake 
in  a  narrow  atrip  to  below  Tnlare  Lake,  north  as  far  as  the  Fresno  River. 

Hoqneluninan :  Interior  of  California,  bonmled  on  the  north  by  the  Cosnmnes  Elver, 
an  the  sonth  by  the  Fresno,  on  the  east  by  the  Sierras,  and  on  thi>  west  by  the 
San  Joaquin;  an  area  north  of  San  Francisco  and  San  Pablo  Bays  aa  far  as  Bodega 
Head  and  the  headwaters  of  the  Russian  River. 

Uoskhogean:  The  Gnlf  States  &om  the  Savannah  River,  and  the  Atlantic  west  to 
the  Hissisaippi,  and  trom  the  Gnlf  to  the  Tennessee  River. 

Nateheean:  On  St.  Catherine  Creek,  near  the  site  of  the  present  city  of  Natchez. 

Palaihnibon :  Drainage  of  Pit  River  in  northeastern  California. 

Pimon;  On  the  Gila  River,  about  160  miles  IVom  its  moaUi,  and  on  the  San  Pedro 
in  Arizona,  and  in  Mexico  on  the  Gulf  of  California. 

Pejnnan:  California;  east  bank  of  the  Soeramento,  abont  100  miles  trom  its  month, 
north  to  Pit  River,  eastward  nearly  to  the  borders  of  the  State. 

Qoorateau :  Lower  Klamath  Biver,  Oregon,  fVom  Happy  Camp  to  the  Junction  of  the 
Trinity  and  Salmon  River  valley. 

Salinan:  R«^lon  aronn<l  the  Sun  Amonio  and  Ssn  Migael  missions,  California. 

Salishan:  Northwestern  part  of  Washington,  including  Puget  Sound;  eastern  Van- 
couver Island  to  about  midway  its  length;  coast  of  British  Colombia  to  Bate 
Inlci;  and  the  region  of  Beotinck  Arm  and  Dean  Inlet.  (    ill  'loli' 

Sulean:  Middle  KUmath  River,  northern  California.  .-,  ■v'^tL  U^H^ 

H,  if  i8>  334,  pt.  I 29 
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8hah»ptiaii:  Upper  Culuiuliia  River,  and  its  tribntarieii  in  norttiem  Oregoo  ud 

Idabu  and  southern  Wasliiiigtoii. 
Sbosbonean :  Occupying  guuerJlly  tho  Great  iDterior  Baeia  of  tbe  United  Stitei,  M 

far  aa  the  Pluius,  aad  mncbing  the  Paciftc  iu  Lou  Angeles,  San  Bemardiao,  tiA 

San  Diegu  conntioB,  Ualifnrniii. 
Sioiinii :  Tbo  Uakvtas,  parts  of  Miaaesnta,  Wisconxiu,  Iowa,  Nebraska,  Kaiuis,  Hit- 

sonri,  ArkaiiMH,  ludiau  Territory,  witb  isolated  colouies  in  Alaltama  (Bibiii, 

tbe  CaroliiiaH  (CatitwbH),  and  borders  of  Virf;inia  and  Nnrtb  CaroJina  (TutelnJ. 
SkittagetaD;  (Jii'een  CbacJotte  Islands,  I-'orester  lalaod,  and  aontbeaatfTn  paitrf i 

Prince  of  Wales  Island.  | 

Takllaian :  Oregon  coast  nbout  tbe  lower  Rogne  River. 

Tafioaa :  Rio  Grande  and  tributary  Talteys,  from  abont  30^  to  about  36°  30'. 
Tiinnquanan:  Florida. 
Tonikan :  Lower  Yazoo  River,  Mississippi. 
Tonkawan:  Western  and  soiithwesUm  parts  of  Texas. 
UcheuD:  Lower  Savannah  River  and  perhaps  theSontb  Carolina  coast. 
Waiilatpaau:  Lower  Walla  Walla  River,  Oregon,  and  about  rooTrnts  Hood  and  J^^ 

Wakashan:  West  coast  of  Vancouver  Island  and  northwest  tip  of  Washinghn. 
Waahoan :  Eustem  base  of  the  Sierras,  south  of  Reno,  Nevada,  to  the  lower  cad  tf 

Carson  Valley. 
Weitapekan :  Lower  Klamath  River,  Oregon,  from  the  moutli  of  tbe  Trinity. 
Wishoskaa :  Cnast  of  California  from  just  below  the  month  of  Eel  River  to  ■  litAl 

north  of  Mad  River.  j 

Yakonun:  Along  tbe  lower  Yaquina,  Alsea,  Siaslaw,  and  Umpqna  rtveiB,  Oregoo.    ! 
Yanan :  ChieBy  in  the  southern  part  uf  Shasta  County,  California. 
Yukian:  Round  Valley,  Califomin  and  west  to  tbe  coast. 
Yuman:  Lower  California;  the  Colorado  from   its  mouth  to  Cataract  Cieeki  IM 

Gila  and  tributaries  OS  far  east  as  the  Tont«  Basin,  Arizona. 
Zaliian:  A  small  area  on  Zufii  River,  western  New  Mexico. 

Aztecan :  Slope  of  the  Pacilic  coast  from  about  the  Rio  del  Fuertc,  in  Sinalor,  N.  U 
26°  to  Ibefrontiersof  Guatemala, exceptaportion  of  the  littbmnsofTebnaot«p«b 
Dr.  Brinton  mahes  this  a  branch  of  the  Ut«.Aztocan  stock  nnder  the  ni 
Nahnaltecan. 

Chapaner:  Chiapas,  Mexico.  | 

Chinantec :  Oaxac.t,  on  tbe  frontier)*  of  the  provinr^  of  Vera  Cru/..  '. 

Guatuso :  Upper  waters  of  Rio  Trio,  Nicaragua.  I 

Huave:  Isthmus  of  Tehnantepec,  on  tho  Paciflc  Ocean.  i 

Lenca:  Central  Honduras. 

Matagalpan :  Nicaragua,  in  and  around  the  department  of  Matagalpa,  Segovia,  and 
Choalalex. 

Maya:  Yucatan,  Guatemala,  and  Tabasco. 

Otomi :  Status  of  Queretaro  and  Guanajuato,  Mexico,  from  the  valley  of  Meiico  lolb*  . 
Rio  Verdo.  On  the  west  it  adjoined  the  Tarascas  of  MJchoaoan;  on  Ike  Mat  Ike  , 
HuastecH  of  Pnnuco.  I 

Haraa;  BlucGeld  Lagnoit. 

Hubtiaba:  Near  tbe  modem  city  of  Leon,  in  Nicaniguii. 

Tarascao:  Statoof  Michoacait,  went  of  the  valley  of  Mesiro. 

Tequititlatecan :  O.ixaca,  on  Pacilio  i-oaar. 

Totonacan ;  Territ<iry  of  Totonicapan,  now  iu  state  of  Vera  Cruz. 

riva:  He.id  waters  of  streanw  emplying  along  the  Mnsqnitn  roost. 

:iapatec-Miiteo :  Oaioca,  Mexico,  aud  adjoining  regions.      ^ . ,  , ,  ,     ,  ^^' 

^oijne;  Isthmilx  of  Tehnantepec  and  adjacent  portions  orcfaiapaaV^'Osiaca. 
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AUeDlnf :  Term  del  Fnego. 

Anas;  Ou  the  Jama,  Msd«i»,  and  Pams  rivers,  Brftsil, 

Aravak :  Miuit  widely  diasetniuateit.    From  head  watenor  the  Paraguay  River,  alonj; 

the  highlands  of  sonthem  Bolivia  to  the  Qoajiros  PeDinsnlii.  and  tliuD''»  )0  iD- 

clnde  all  the  Antilles,  both  Greater  and  Leaser. 
Ataeamnion:  Ahont  20°  to23°  south  in  the  vicinity  of  Ataoama,  west  coast. 
Aucanian :  Both  sides  of  the  Andes,  in  Chili,  and  on  the  Parupae. 
Aymara;  Pern  and  Bolivia,  aboat  Lake  Titicaca. 
Barbacoa :  Colombia,  about  1°  and  3^  nortli  latitude. 
Betoya:  Foot  of  the  mountains  of  Boj;ota,  in  Orinoco  drainage. 
Cimiohana;  Un  tlie  river  Mamore  between  13°  and  14'^,  Bolivian  highlands. 
Car^a:  Affluents  of  the  Atagaay,  province  of  Goyas,  sonthem  Brazil. 
Caril>:  Leaser  Antilles,  Caribby  Island,  and  mainland  of  South  America  from  month 

of  EsBequibo  River  to  the  Unlf  of  Moraeaibo. 
Catamorena:  Oran  Chaco,  Catamarca. 

Chaagoina,  or  Dorasijue  tribes :  Isthmus  of  Panama,  on  river  Paau. 
Charma:  Grnn  Chaco  plaius,  stretching  f^om  the  bauksoftheParana  to  the  sea-coast. 
Chibcba :  In  hoth  directions  from  the  Isthmus  of  Pauama,  spooioUy  throughoat  New 

Oianada  (Colombia). 
Chiqaito:  Bolivian  highlands,  lietween  16"  and  18"  south. 
Cboco:  Isthmus  of  Panama,  eastern  ahore  of  the  Gulf  of  Uraba,  and  tunch  of  the 

lower  valley  of  the  Atrato. 
Chnioya:  Orinoco  basin,  above  the  falls  of  the  Ouaviare,  and  along  the  Rio  liuijnr 

and  the  Meta. 
Cocaonca:  Southern  Colombia. 

Cnna:  latlimna  of  Panama  from  Onlf  of  Uraba  to  the  river  Charres  on  tki'  wust. 
Gnaycntn:  Gran  Chaco,  on  the  Paraguay  and  the  Piloomayo  rivers. 
Jiiaros:  On  the  mouutain  slopes  of  the  Conlillera,  on  the  MarsFIon  Rivor,  Brazil. 
Kcchua;  Spoken  by  an  unbroken  chain  of  tribes  for  nearly  2.000  milos  from  3"' nortli 

to  32°  south  on  the  western  border  of  Sontb  America,  chioBy  in  Pern. 
Luna:  On  tlie  river  Javary,  Brazil. 
Lnle:  Vermejo  and  Pilcomayo  rivers,  Gran  Chaco. 

Msina:  Upper  Maranoo,  Brazil,  anil  iu  the  nplonds  around  Cerroe  de  Mamas. 
Mataco:  Vermejo  River,  Gran  Chaco. 

Momb:  Columbia,  between  1*^  and  i°  north,  along  Kio  de  los  Engadoa  or  Yari. 
Uosetena:  Bolivian  highlands,  on  the  banka  of  the  Mamore  and  Ckavart  rivprs. 
Ond:  Terra  del  Fuego. 

Psoiiiaita:  Columbia,  north  and  weet  of  the  Chibehas. 
Paud:  1'ppor  Ucayale  River,  Porn, 
Paj'agna:  Paraguay  River,  Oran  Chaco. 
Pi;li»:  Javary  River,  Brazil. 

Poquioa:  On  tbe  islands  and  shores  of  L.  Titicaca, 

Samaca :  On  the  northern  border  of  the  Grun  Chaco,  between  18*^  and  20°  south. 
Taeaua:  Bolivian  highlands,  on  the  banks  of  the  rivers  Mamore  aud  ('havari. 
Timote:  Venezuela,  Horida.Honlb  of  tbe  plains  in  the  Interior  from  Lake  Maracaibo. 
Tnpi:  Along  the  seabonril  from  the  rnonth  of  thf  La  Plata  to  the  Amazon  and  far  u]> 

the  streams  of  the  latt«r. 
Tapaya:  Moat  ancient  imd  uvteusive  now  living  iu  Brazil.     t>om  5°-'J0°  south,  and 

ftom  the  Atlantic  to  the  Xinger  River. 
Tzaaecan:  Patagmia.     The  Palagonians  call  theiunelves  Chonek,  or  Tzoneca,  or 

Vahgan:  Tierre  del  Fnego, 

Tunca:  Peru,  near  the  sea,  between  5*^  and  10°  south.  .  • 

Ynmcari;  Bolivian  higlilands,  on  the  banks  of  the  Mamore  and  Chavari,    ^lOOQ  IC 
Z^aro:  One  of  the  moi(  extended  stocks  in  tbe  upper  valley  of  the  Amazon. 
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The  Hemenway  Southwestern  ArcUieological  aud  Ethnological  ei- 
pedition  began  to  bear  fruit  in  the  publication  of  a  "Journal  of  Amtri- 
can  Ethnology  and  Archceology,"  edited  by  J.  Walter  Fewkee,  con- 
ductor of  the  expedition.  Thia  will  be  followed  by  other  rolames, 
potting  on  permanent  record  the  results  of  Mrs.  Hemenwaj^s  liberality 
during  a  series  of  years  in  sustaining  the  researches  of  Cashing  and 
Baiidelier,  and  subsequently  of  Mr.  Fewkes.  The  first  volume  relates 
especially  to  Zuili, 

An  ethnographic  contribution  not  to  be  ignored  is  a  series  of  papen 
by  Dr.  ErDst,  of  Caracas,  Venezuela,  on  the  aborigines  of  that  repab- 
Uc,  published  in  the  BoUtin  del  Miniaterio  de  Obras  PubUcas.  In  tta 
same  journal  Dr.  Q.  Marcauo  contributes  a  series  of  papers  on  the  pr» 
Columbian  ethnography  of  Venezuela. 

The  publishers  of  our  latest  encyclopiedias,  such  as  Johneoo's, 
Chambers's,  Stanford's,  Cassell's,  etc,  have  earned  the  gratitude  d 
ethnologists  by  employing  men  of  acknowledged  ability  to  prepare  the 
descriptive  articles  on  tribes  aud  peoples.  The  geographic  socletJM 
also  have  borne  a  conspicuous  part  in  collecting  and  preserving  dita 
for  future  compilations  regarding  ethnology.  Especially  nsefol  b  j 
these  studies  are  the  •/ourmilo/^  ^nfftrc'poJojI'ical  Institute  of  Lon-l 
don,  I/Antkropohgie  of  Paris,  and  the  Zettochrift  and  FcrAaiidlM^! 
of  the  Berlin  Anthropological  Society. 

I.AI4atTAOE. 

In  his  lecture  entitled  ''Da  eri  a  la  parole,"  delivered  in  I'Eoole 
d' Anthropologic  de  Paris,  and  published  in  the  first  number  of  tbe 
Revue  Menauelle,  the  following  conclusions  are  reached  by  the  speaker: 
Animals  are  already  iti  possession  of  two  distinctive  elements  of  taa- 
guage:  (1)  the  spontaneous,  reflex  cry  of  emotion  and  of  want,  and  (i) 
the  intentional  cry  of  advertisement,  menace,  or  appeal.  From  tbese 
two  sorts  of  sounds  man,  endowed  with  a  vocal  apparatus  still  more 
perfect  and  cerebral  faculties  less  limited,  has  created  a  great  oumber  | 
of  variants  by  meaus  of  prolongation,  reduplication,  and  intonation.  ' 
The  cry  of  appeal  is  the  germ  of  demonstrative  roots  prelude  to  pro- 
nouns, names  of  number,  sex,  and  distance;  the  emotional  cry,  of  wbicb 
our  interjections  are  only  the  debris,  combining  with  the  demonstrativei, 
jirepare  the  outlines  of  the  proposition  aud  form  the  verb  and  the  nooii 
of  action  and  of  state.  Imitation,  direct  or  symbolical  (neoessanlr 
only  approximative)  of  the  noises  of  surrounding  nature,  in  a  vot4. 
onoriiatopii'ia,  furnishes  the  elements  of  attributive  roots  out  of  fbki 
nm  to  grow  names  of  objects,  sjiecial  verbs,  and  their  derirative* 
Aiialotcy  and  metaplior  complete  the  vocabulary  in  applying  to  pbfr 
lumiMia  of  fjmch,  sight,  odor,  and  taste  qualificatives  deriTed  ti.r 
'■iaf>lMi'ia.  Then  comes  reason,  which  eliminating  the  greaterpart 
ift  ini'>Hivii»ient  riches,  adoptt)  a  greater  or  less  number  of  souwis 
y  riuluc«>d  te  one  vague  and  generic  sound.    Then  by  derivation, 
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gofflzing,  compositioD,  it  caowtt  to  spring  out  of  these  root-sounds 
indefinite  lines  of  words,  wliiuli  are  of  rtll  degrees  of  relatiouHhip  among 
themselves,  whicli  grammar  prot-eeds  to  distribiite  inb>  categories, 
Killed  parts  of  speech.  It  can  be  Bhuwn  Low  the  grammatical  forms, 
casual  and  personal  termiuatiuos,  sUades  of  conjugation  are  produced 
bf  atrophy  of  syllables  affixed  or  suffixed  to  the  radical  syllable.  A 
certair  part  of  the  development  of  language  is  also  due  to  a  sort  of 
blioil  force,  to  nature,  as  we  say,  and  part  to  intelligence,  either  indi- 
vidaal  or  collective.  The  constitution  of  grammar  detaches  lingiusties 
from  zoolog>'  properly  so  called  and  brings  it  within  the  area  of  history. 
Bat  this  historic  area  cannot  in  any  manner  be  shut  off  from  anthro- 
pology, for  it  is  only  an  appen^Hx  to  natural  history. 

Dr.  Dorsey's  volume  on  the  Cegiha  language,  though  bearing  date 
1M90,  did  not  appear  until  late  in  1891.  Furthermore,  although  it  is 
entitled  "The  Cegiha  Livuguage," -the  work  is  devoted  especially  to 
myths, stories,  and  letters,  and  gives,  with  text,  interlinear  translation, 
luid  free  rendering,  nearly  two  hundred  and  fifty  separate  literary  pro- 
dnctions.  This  embraces  the  work  of  many  years,  and  will  furnish  to 
tbe  rdk-loriHt,  as  well  as  to  the  philologist,  ample  material  for  study  and 
wmparison.  The  Cegiha  language,  as  used  in  the  volume,  refers  to  the 
speech  of  the  Omaha  and  Ponka  tribes  of  the  Siouan  linguistic  family. 
The  author's  researches  began  among  the  Cegiha  in  IH71,  and  have 
beeni'arried  on  unremittingly  ever  siiu-e.  During  thelafit  twelve  years 
he  has  been  connected  with  the  Bureau  of  Ethnology  in  Washington, 
"here  his  op{>ortunities  for  study  have  been  unlimited.  (Special  atten- 
tiim  is  also  called  to  Filling's  bibliography  of  the  Algonkian,  (latschet's 
Klamath,  and  Riggs'g  Dakota  dictionary. 

Tbe  Semitic  department  of  Harvard  University,  in  addition  to  the 
liopistic  courses  in  Hebrew,  Aramaic,  Assyrian,  Kthiopic,  Arabic, 
uiil  Ph<enician,  has  established  Semitic  c^mferences,  a  Semitic  library, 
a  series  of  prizes  for  tbe  encouragement  of  Semitic  studies,  and  a  course 
ofleotnres  on  studies  allied  to  the  department.  Most  significant  in 
this  eoti&ection  is  the  establishment  of  a  Semitic  museum,  through  the 
generosity  of  Mr.  Jacob  H.  Schiflf.  Here  iilready  are  aHSembled  many 
originals,  casts,  manuscrijits,  coins,  and  photographs,  illustrating  the 
writing  and  the  history  of  Babylon,  Assyria,  I'hienlcta,  Palestine, 
Arabia,  and  other  Semitic  lands.  The  gctuerons  donor  has  also  pro- 
vided means  of  enlarging  the  collet^tion. 

TECIINOLOtiY. 

In  bis  conrse  of  lectures  on  prehistoric  industries  M.  Adrien  de  Mor- 
tillet  makes  this  neat  classification  of  tools : 

/.  CittliHg  looU. 
<«.lb,p™.„„ jTJ.j»lf.,«l»,j.,.,.h«,i 

"•■'"»•• )S::j,z,;;'si"-"'-      ......Google 

*««(l,T(ritHm. Thaw..  ^ 


454        SUHMABY  OP  PROGRESS  IN  ANTHBOPOLOaT  IN  1891. 

//.    Ranping  (ooln. 

STtw  acnpf  r  Incloir  «t  gnltoirl. 
Tbe  iwp  and  Die  Sle. 
PnlimiPn.whelatanM   ■ 

///.  Slrikiug  and  crufhing  tonh 

Acting  by  ■  Uaw 


«re  and  bv  I 


nuben.  to  break  Uke  Hh 
irindiag  (tone*,  ullla. 


ir.   Frrforalimg  looU. 

Actiu  by  ■  blow Thepick-ai. 

AcUacbj  pmannand  by  friction Jorill,  bmrni. 

An  ex<'«llt!>it  example  of  tbe  profit  to  be  deriveit  trom  the  care  and 
publication  of  the  material  of  tlte  older  explorers  is  Mr.  Charles  H. 
Bead'8  paper  on  the  collection  of  etbnographical  speoimena  fonod 
during  Vanconver's  voyage,  1790-l-i95,  plate  xi,  iii  vol.  xsi,  Jounal 
of  the  Anthropological  Imtitute.  This  plate  shows  a  Mexican  atlatl, 
or  tbrowing  stick,  bat  very  short,  from  Lower  California,  to  be  held  id 
either  band,  as  distinguished  from  the  Alaskan  specimens  made  fur 
either  baud.     The  bown  are  from  Oregon  or  Washington. 

The  curator  of  the  department  of  ethnology  in  the  V,  S.  National 
Maseam  has  instituted  and  encouraged  a  series  of  experiments  so  as 
to  reproduce  with  facility  all  savage  arts.  In  the  American  Autbro- 
pologist,  with  the  collaboration  of  several  other  members  of  the  societ;, 
the  entire  technique  of  the  arrow  is  worked  out.  The  same  procesB 
has  been  followed  with  fire-making,  bow-making,  basketry,  and  ttie 
manufai-tiire  of  stone  implement-*,  by  Messrs.  Hough,  Murdoch,  and 
McGnire.  Mr.  Ilolnies's  papers  on  so-called  gialeolithic  implemeats 
aliuuld  be  hen-  included.  It  is  held  that  in  this  way  alone  can  modern 
ethnology  l>e  uuule  to  ufter  true  explanations  of  the  mode  of  life  among 
ancient  primitive  peoples. 

A  intKlol  description  of  an  art  is  Mr.  Thomas  Wardle's  paper  in  the 
Journal  of  the  Si'cieltf  of  Art*  oo  the  Tu&snr  silk  of  India  and  Cluna. 
It  is  difficult  to  say  whether  in  the  natnral  history  of  the  moths,  tb« 
elaboration  of  the  art,  or  the  description  of  the  native  silk  cult-orist  tbe 
author  is  utost  happy.  Kot  only  the  Indian  moths  are  described  bal 
an  extended  list  of  silk -producing  lepidoptera  is  brought  to  the  pres- 
ent date.  The  methods  of  treatment  by  extremely  simple  native  proc- 
e.<ses  is  Aimislietl.  along  with  European  treatment.  The  ethnolc^t 
will  l>e  charmecl  with  the  account  given  of  the  3antals. 

M.  Philipi>e  Salmon  has  it^nstructed  an  elaborate  table  of  the  sob- 
divisions  of  the  neolithic  period  of  the  Stone  Age,  especially  in  France 
(Rev.  Mens,  de  Vfi^tlo  d'.Vnthm|>iloj:ie.  Paris  i.  26),  dividing  it  into 
(1)  OamaceaniCsu-UiU'.  Morbi)ian>;  ,'*  Chasseo-Robenfaausiau (Chtssy 
and  Kobenhaust>n'<:  and  [3)  Champi'niicnne[t'hampigny),  The  finest 
of  this  division  is  iimgn-at  forrejn'titioii  hereandone  wonders  wbetier 
"ines  of  deman-ation  will  not  disa|>pf:ir  with  fiirtlier  exrilOTatiot. 
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A  mach  more  useful  analysis  of  the  palieo-ethnic  period  in  Kurope  is 
tbatof  M.  O.  de  Mortillet  in  Itertie  Mensuetle,  given  below: 

CUuiiificaUmi  paMkHologique  bg  (i.  dc  MorlilUl. 

Ttinp*.  AgH.  1'Artoilf.i.  ElMBiueii. 


it: 

I  'i-  V 


K*. 
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A  remai'kable  series  of  lacky  findit  were  made  on  the  Hojiewell  ^rm. 
near  Ghillicotbe,  Bosh  Couoty,  Ohio,  by  Mr.  WaiTPo  K.  Moorhead,  di- 
rector of  the  World's  Fair  arcbeeological  expedition  at  that  point  Not 
only  vere  new  forms  of  objects  discovered,  bnt^old  forms  were  collected 
by  thonaands.  The  exciting  part  of  the  exploration  was  the  finding 
of  haudreds  of  copper  objects,  many  of  them  of  snch  nnifonn  thinneu 
as  to  raise  the  question  of  their  European  origin. 

The  Drexel  Institute,  founded  in  Philadelphia  by  the  liberality  of  Mr, 
Anthony  J.  Drexel,  will  be  devoted  to  the  encouragement  of  technical 
industries.  The  museum  will  be  administered  on  the  plan  of  8oQtli 
Kensington. 

Before  the  Tennessee  Historical  Society  the  IIod.  Gates  P.  Thnrston 
delivered  a  short  course  of  lectures  on  the  archteology  of  Teunesaee, 

SOCIOLOGY. 

Economic  science  as  a  branch  of  sociology  is  the  all-abaorbingsbidf 
of  the  time.  There  is  not  space  to  enumerate  the  separate  books  aod 
papers  on  this  subject,  but  every  readier  should  know  the  general  re- 
sources of  the  study.  Section  F,  British  Associiitiou,  Economic  Sci- 
ence and  Statistics  List  of  Papers,  p.  xis. 

Among  the  political  leaders  of  France,  as  well  as  iu  the  Soci^te 
d'Aiithropologie,  no  other  question  seems  to  be  of  such  importance  at 
that  of  the  decrease  in  natality  throughout  the  Eepublic.  M.  Chervio 
sums  up  the  results  of  an  inquiry  in  thcdepartment  of  Loir-et-Garoaiie 
in  the  BuUetin  de  la  Soci^tS  d^Anthropologie  (1  se;-.,  Ii,  42-7S).  Then 
results  the  demonstration  that  in  this  rich  department  it  is  the  moat 
wealthy  that  have  the  smallest  number  of  children,  and  in  the  most 
thriving  part  of  the  department  the  average  of  children  to  a  family  ifi 
one.  Among  the  causes  of  this  paucity  M.  Chervin  finds  that  the  well- 
to-do  peasant  and  farmer  wills  it  to  be  so,  and  he  believes  that  oo  leg- 
islation will  effect  a  radical  change.  Believing  that  quality  and  that 
early  deaths  become  a  potent  factor  in  the  decline  of  population,  to  H 
Ohervin  th»  saving  and  perfecting  of  lives  already  created  is  the  feaa- 
ble  method  of  strengthening  the  population.  Assistance  and  liygiox 
are  the  practical  methods  of  relief. 

M.  Bertillon  {id.,  306-385),  reganling  the  terrible  dangers  to  whiei 
the  phenomenally  low  natality  in  France  exposes  her,  and  belieTing 
that  the  evils  of  alcoholism,  tobacco,  and  sypliilia  have  only  a  subsidiaT 
influence,  makes  the  following  statement:  "That  which  tenders  the 
natality  of  France  so  feeble  is  the  voluntary  sterility  of  famJlio^  ^^' 
ing  some  property.  Such  families  are  exceptionally  numerous  in 
France.  They  know  that  the  sure  way  to  keep  their  property  is  to 
have  only  one  child,  and  a  sure  way  to  lose  it  is  to  have  more  than  two- 
One  way,  therefore,  to  save  France  is  to  remove  the  cause  of  feeble  at- 
tality  and  to  nuike  it  more  desirable  in  the  way  of  relief  from  tosatJon 
and  increased  setmrity  of  property  Ui  have  three  children  than  one."  ^ 


aUHHABY  OF  PBOOBESS   IN   AHTHRUI'OLOQV   IN   1891.       457 

the  older  Bettiemeuts  of  our  own  country  attention  ban  fretjuently  been 
called  to  the  dei'liae  ia  tbe  number  of  large  families. 

Dr.  Robert  Flet«lier  has  brouglit  together,  in  his  aildress  before  the 
Anthropological  Society  of  Wanhingrtoii  om  retiring  president,  the  re- 
Hnlts  of  a  careful  study  uf  the  new  school  of  criniinal  anthropology. 
By  criminal  anthroi)ology  is  meant  the  study  of  the  being  who,  in 
consequeuce  of  physical  coaformation,  liereditary  taint,  or  surround- 
JngB  of  vice,  jioverty,  and  ill  exam^ple,  yields  to  temptation  and  begins 
a  career  of  crime.  It  in  to  study  the  anatomy,  the  physiology,  the 
hygiene  of  the  criminal,  his  productivity,  his  capability  of  amend- 
ment, to  examine  into  his  condition,  and  to  recognize  his  rights. 

An  indispensable  work  to  students  of  tbe  history  of  human  marriage 
ifl  Edward  Westermarck's  work,  published  by  Macmillan,  Tlie  author, 
it  is  true,  is  at  issue  with  almost  every  ttchool  of  antlirojiology,  and  for 
that  reason  presents  the  subject  from  a  new  iioint  of  view,  but  he  has 
brought  together  a  vast  amount  of  material,  and  hi»  list  of  authorities 
quoted  amounts  to  a  fiill  bibliography. 

The  pedagogic  problem  has  been  taken  up  from  the  side  of  anthro- 
pology. President  G.  Stanley  Hall,  of  Clark  University,  Worcester, 
Haas.,  has  established  a  new  journal,  entitled  "  The  Pedagogical  Sent- 
inary,"  as  an  international  record  of  educational  literature,  institutions, 
and  progress.  The  second  number  of  vol.  i,  is  devoted  largely  to 
children  and  adolescents,  and  deserves  that  the  contentM  be  given 
bodily: 

Kditorial.    O.  Stanley  Hall. 

Note*  (HI  the  BtnAy  of  infiDta.    G.  i^tauley  Hall. 

CeotCDta  of  childreD's  mindH  OD  entering  Hi'.hiiol.    Id. 

The  moral  and  religioDB  traiuinK  of  chililrnn  and  ailolcHreiitA.     Id 

Children!'  lies.     Id. 

The  study  of  oduleacenci^.     Mrt.  H.  llumhain. 

Obaervktione  of  cLildren  at  tbe  Worceater  Normal  S<:hool.    Jd. 

Anthropological  inveatigatiuiiH  of  HRhouU.    F.  Boas. 

Reviews  are  also  given  of  the  following: 
Thettoryof  aeandpile.     By  G.  Stanley  Hall,  June,  1S88. 
Boy  life  in  a  Hassochnaettn  town  n  qnarter  of  a  vcntnry  i^cn.     Id.     Pfik-.  Am.  Antlii. 

Soc.,  1890,  p.  ia7-12H. 
SnilinieDtary  Micicty  among  lioys.     By  John  JolmKon.    Ovirlaml  Monthly,  an<l.TolinR 

Hnpkinx  Hiat.  and  Polil.  SIndies.  IMKl. 
01<ii«iT>tionH  on  coIIpro  ><.>nioT«.     By  A.  K.  Kirkpiitrii-k.     Am.  .1.  of  roy^^hol.,  1890, 

168  pp. 
Phytical  training  in  Americnn  colleges  .ind  iinivetsitii-K.     By  E.  M.  Hnrtwoll.     Cir- 

rnlar of  Information,  Uuroau  of  Kdixation.  No.  .'.,  IM^i,  IK)  pp. 
Phyncsl  traininfc  confcrpuoc.     Id.     Biwtim,  1X89,  p.  15.">. 
Phjiifsl  and  indnatrlal  training  of  rriinin.iU.     By  H.   I).  Wry.     iminftrial  Ediic. 

Awoc.,  N.  Y.,1888,  p.  50. 
Ovetpreemire  in  tbe  high  eohmdH  tif  Di-nmark.     Ily  Dr.  Uirli-l.    London,  18K-"i.    14H  pp. 
Tbe  growth  of  childreu.     By  H.  P.  B.>wdilcli.   Eiebtb  An.  Rpj.t.  Mass.  IW.  of  Health. 

Bnatou,  1877;  also  Ti>nth  An.  Ri-jit. 
Why  do  we  meaanre  mankind!     KranriH  (ia)lon.     l.ippinrott'i,  Ft'hmary,  1X90;  aluo. 

theropoTia  of  Mr.  fialtou'«  laliorafory  work  anil  mrasnring  apparatus.     ^OOQ IC 
Cambridge  anthtopo:netry.     Ily  John  Veron.    J,  Anlhro]!.  Innt..  xviii,  140  pp, 
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An  aDthropological  cabinet  for  peilagof;i<'  puriMiwH.     Pmr.  f^rici,  ur  th«  fniT.  of 

Rome.    Eilucation,  Sept.,  Itt86. 
Heut»l  association  inveatiKat«<l  l>v expfriment.     BvCatt«]lao<l  Brvaut.    Uiiid,xiv. 

■230. 
The  childrea:  How  to  stuily  them.     By  FnunUH  Wu-Qer.     Lomlon,  1KH7.    «Opp. 
Experiment^)  in  tilting  the  charHrtfr  of  iirbool  rhililrpn.     By  Mrs.  .Sopliii'  Bryuit. 

J.  Antbrop.  Initt.,  xv,  338. 
Mental  iowgery.    Pmncia  Galtou.     luijuirieH  into  human  fwnlry,  p.  VS. 
Eye-QiiniledneM  and  eai-mindediietis.     By  Jos.  Jostrow.     Pop.  Kc.  Month.,  ixtiii.p. 


A  stud;  iu  meDtal  statiatii^.    Jott.  Jastrow. 

Replies  by  teachers  to  qneations  rrapectinK  mHitsI   Tatigiie.     FraiiciH  Gallon.    J. 

Anthnip.  Inst,  188H,  p.  157. 
On  the  principle  and  methods  of  aHai|;iiiu|c  marks  for  bodily  inefficiency.     F.  Galton, 

Nature,  Oct.  3, 1689. 
ITeberSchulwandemugen.     O.  Lomberg.     Elberleld,  IKKT. 
Noten  ou  stmlius  of  the  language  of  children.     By  R.  C.  Sanford. 
Die  Slipendein  nud  Stiftiingen,  Convicte,  Freitische,  etc.,  in  alien   I'nivfraitaten 

des  dautscheii  Reichs.     Dr.  Max  Bnnmgart.     Berlin,  1K8G,  p.  THO. 
GmndsiitM  nnd  Bedingungen  der  Ertheiloug  der  Uoctorwurde,  rtc.     Baumgart, 

Berlin,  1868,  326  pp. 
Die  Reform  der  Doktorpromotion.     Mux  Oberbreyer,  Eisenach,  p.  155. 
Allgemeiner  deutHchen  Hochschnlen.     R.  Kukula.     Wien,  1886,  1,000  pp. 
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Kinder.     L.  Strumpell.     Leipzig;,  1690,  vi  225  pp. 
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1688,  Paris,  A.  RnusseaD;  L'Enseignement  commercial  et  les  poolea  de  cniamin'* 

en  France  et  dans  1o  Monde  eatier.     E.  LeBat«y,  Paris,  1786,  774  pp. 
Un'lyc<!e  souh  la  troisihme  Ki'publique,  P.  Vetdnn.     PariH,  1889,   E.  I>eiitnr,  462  pp. 
Mannal  tridniug  in  Frsuce,  A.  ^alicis,  N.  York,  1890. 

Report  of  the  Indian  Education  Commission,  Calcutta,  1882,  Gov.  Print.,  639  pp. 
History  of  iudigeuoue  education  in  the  I'anjaub  Hinfo  auueKutlon  and  in  1882,  (i. 

l>eitner,  Calcutta,  1883. 
A  new  review  of  National  education,  H.  Biggs.  London,  1800, 117  pp. 
A  plea  for  pare  science,  H.  A.  Rowland,  Proc.  A.  A.  A.  8. 

Suggested  reform  in  I'uhlic  Sc;liools,  C.  C.  Catterill,  Edinburgh,  1^85, 178  pp. 
I'niversity  extension,  S.  T,  Skidmare,  Lippincott's  Mag.,  Oct.,  1890. 
Year  Book  of  learned  Societies  in  Great  Britain  and  Ireland,  Iy}ndon,  1686,  231  pp. 
La  decadenza  detl'  llniversitil  Italiana,  T.  Martelio,  Bologna,  1890,  138  pp. 
Daa  Schnlwesen  ItalieUH,  besonders  die  Realscbulen   Italieux  im  JahT«  1678,  Max 

Strack,  Leipzig,  1878,  80  pp. 
Raccolta  coniplela  di  testi  di  legge,  decreti,  etc.,  Bnito  Amauto,  Roma,  1890. 170  pp. 
Statistica  dell'  Instnizione  Heconilarie  aiiperiore,  Riima,  1889. 
Stat4>  di  piovisiono  della  Spesa,  etc.,  Roma,  1687,  265  pp. 
(iuida  de'  Comuni  e  de  Maestri  Bruto  Amaute,  2d  ed.,  1890,  253  pp. 
L'Universitit  de  Bruxellue,  L.  Vanderkindere,  Bruxellea,  1884,  216  pp. 
Rnpport  triennial  eur  IVtat  de  reiiseimiemeut  moyen  en  Belgique,  llmxelles,  1887, 

clxT  248  pp. ;  also,  L'lnstri lotion  Primsire,  ccilix,  782  pp. 
OnuHil  iIh  pcrrertiunnement  de  rinHtruftion  primnire,  BrnielJes,  1883,  79  pp. 

>g  und  (ioataltung  dea  lielgischen  VolkssclitilwesenB  seit  1842,  H.  huut, 
«B.1MPP-  OOqIc 

'I'nlversitd  Cntholiqnc  de  Louvain,  1890,  xcviii,  419  pp.       c^ 
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Hinistere  de  Ilnstraotion  pnbliqne.      Reciinil  <le»  loin  et  urAti^H  relatifa  It  I'en- 
iieigDeiueiit  supt^rioiir.  Itruxelles,  374  pji. ;  olao  Aimiiitire  atatistiqne,  20th  j  oar, 
twenty  volomea  (also  other  Bel^an  documonta  uf  a  peAShgogic  character). 
L'Abeille.     Revue  podaf^ogtqae,  etc.,  KrnxcUcH  (in  1891,  36tb  vuliiuie). 
Anniisrio  lie  la  tSevciun  do  InHtmrcioD  piiblica,  Santiago  <ln  Chile,  Nu.  113,  18!X), 

3N1  pp. 
CoBgtKta  naciiiiial  peila^ijico,  Santiago  de  Chile,  1890,  274  pp.     Ainu  Memoria  di^l 

Minixtro  de  JnaCicja  i'  luBtrucciou  pilbllca.     Tc,  ><!.,  368  pp. 
Reviala  de  Instraccion  primaris,  S«Dtiago  de  Chile,  170  pp.     (Altto  other  public 

Cbiloaii  dofiiniout«). 
Ctade  n^graphique,  stntistiqite,  dfticriptivn  «t  bietorique  des  l^tats  mexicalns,  A. 

G.  Cnbaa,  Muxico,  1B89,  411  pp. 
Pedagogioheakiy  Muiey  Voeuno-ui'hebunb  zavcduBj,  1888-90,  St.  Petecsbnrg  (aoth 

and  21at  A-nnnal  Report  pedagng  Mntt.)     Also  mluratiuDal  maps  of  Ruxsia. 
Verxlag  van  den  Rtaat  dev  lioogo,  iniddelbam  eu  lagnre  ncholen  in  hnt  KuDinkrJjk 

der  Nederlaaden,  over  1888-89,  's  Oravenhage,  1890,  45»  pp. 
Anuario  KntadiBticti  de  InHtninciou  Piiblica,  1889.     Madrid,  1890,  409  pp. 
Hemoria  pnaentaila  al  Contrcso  Nacion.ll  do  1890.     By  ]).  A.  Alorta,  Buenoa  Ayres, 

1890.     3  vols. 
El  B«al  Colegio  de  San  Itsnacio  de  Loyola,  Mexico,  1889,  244  pp.,  appendix,  130  p. 
Eecherches  ear  les  mouvomoiits  chox  quelques  jennes  enfaote,  Binet,  Rev.  I'hilos., 

Hans.,  1890.     La  perception  dea  longenrs  et  des  nombrcB  chez  qiielijueH  pelilo 

enfanta;id.  Gnillet. 
Ftrception  dos  enbote,  id.,  ili^ceiu)>re. 

Ucb«T  GeiBtesatriningen  in  der  Srhnlc,  Ch.  ITer,  ^VieBbaden,  1891. 
A  report  on  the  eiainination  of  100  brains  of  feeble- mioded  cliildren.     A.  W.  Wil- 

martb.  Alienist  &  NeuroloinBt,  Oct.,  1890. 
The  growth  of  children.  .0.  W.   Pnckham,  MilnaiiKee,  1881,  WincoDBin  Board  of 

Health. 
ForeiKn  miHcetlanieH,  by  the  eilitnr. 

FOLK-LOBB,  MVTHOLOfiY,  AND   niEEOLOGV. 

TUe  tliird  iiiiuual  meeting  of  the  American  Fotk-lore  Society  wan 
bold  at  tlie  Ooltuabian  University,  Washington,  1).  C,  on  Tuesday  and 
Wednesday,  December  29  and  .'JO.  This  meeting  (if  the  society  was  of 
especial  interest  on  account  of  the  co-operation  of  tlie  two  antliropolog- 
ical  societies  of  Wasliington  in  giving  to  tlie  sessions  a  scieutitlc  turn. 
The  papers  were  mostly  upon  American  aboriginal  lore.  The  organ 
of  the  society,  the  Journal  of  American  Folk-lore,  edit«d  by  W.  W, 
Newell,  devotes  much  space  in  each  number  to  bibliograpliy.  Brandies 
of  tlie  American  Folk-lore  Society  are  the  Louisiana  Association  of 
the  American  Folk-lore  Society  and  the  Boi^ton  Association  of  tlic 
American  Folk-lore  Society.  An  i(idei>endent  organization  is  the  Ohi- 
ciigo  Folk-lore  Society,  and  there  u  also  a  folklore  section  of  the 
Museum  of  Archa;ology  of  the  University  of  Pennsylvania. 

The  meeting  of  the  luternational  Folk-lore  Congress,  at  Burlington 
House,  London,  in  October,  and  the  third  annual  meeting  of  the  Amer- 
ican Folklore  Society  in  Washington  in  December,  were  important 
events  in  the  evolution  of  that  science.  Regarding  folk-lore  a.t  the 
archeology  of  thought  and  custom,  the  presidents  of  botli  gatherings 
dwelt  on  the  fact  that  the  mere  dilettante  collecting  stage  had  now 
been  passed  and  folk-lorists  were  engaged  in  a  serious  business. 
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Tfat^  iH;fMM«"f  iiAt'Um  luii  bren  tctj  ■■»  siv^e^bcbka  : 
niHny  by  tb*  tfrnttding  <rf  Z^ttrkri/t  An  Verrimtfir  r«A^^M^ 
in  a  iifw  trran^b  of  Liuaru-t  add  StaotbaTs  ZftlKin^'^  ^'ir  mS 
ckoU/ffi^  M»d  SprtirkxUinfm4'.it/i.     Tbe  carcfonr  pnpnntf  ui 
of  JonmalA and  (rth^  w^rk;* rt^latio;;  t<>  tbi» ^^xan  miMpij  ■([  mb 

that  hat  aitpeare^l  oa  tlii.^  aabj^et. 

Tlie  fiieudH  f^f  th*;  utady  of  M«aparativ«  rfli^ioa  i  imT  ■  f  i f  3  ibt 
llDiverNity  ot  1'eDu.HylTania  a  loan  colk-i-tioii  of  objects  Bwi  zi  n£- 
fprniH  tiereimmif*,  iuKlnding  cbarms  and  unplctnt)-  Ksed  ^dhraa- 
tioii.  The  baHiH  (rf  tbe  exhibitioti  was  a  cnllectHHi  of  Orwasal  iiik 
of  the  B«iard  'rf  Foreit;ii  Mirtr^ioos  <»f  the  Preabyteriaia  Ch^rck  «f  dc 
Uriit«(I  BtateH.  Tliiit  ift,  m>  tar  ati  reported,  tbe  first  attenpt  to  am  9  a 
exhibitinn  of  tbM  kind,  and  could  be  repeated  in  almost  erecy  ciiy  rf 
the  I'nited  Htat^rH  with  hajipy  rMmltt,  not  only  with  refigiiMs  objem, 
but  alN>  to  illnstrat4t  any  cbuw  of  anthnipolofpi-al  concepts. 

The  lec^tores  of  ('onnt  (ioblet  d'Alviella  on  the  origin  and  grow^tl 
the  con<!cptiou  of  frtnl  as  illoiitrat^d  by  anthropology  and  htstor.  ii 
the  llibbert  (^arse  for  WJl,  define  the  limits  within  which  the  stadf 
of  religion  may  lie  cxmnidered  a  part  of  the  natural  histofr  of  ma. 
Ill  thene  sammarieH  the  Kiibject  han  been  made  to  include  the  creeds 
and  cultHof  men  and  of  the  world.  From  the  side  of  the  spirit  world, 
tiw  Htudy  has  bec^ii  called  daimonology,  but  this  term  is  entirely  too 
narrow,  (^ount  d'Alviella  cmpK>yH  the  word  ''hierography "  as  includ- 
ing tli«  Htiidy  of  both  creeclH  and  cult>t.  Tbe  elements  common  to  aO 
orKaiiii''e(I  religimiH  are: 

(1)  TliH  belief  in  the  exmtenceof  superhuman  beings  who  intervene 
In  a  iiiyst4Tioiia  maiiaer  iu  the  dcHtinies  of  man  and  the  coarse  of  nature. 

(1!)  AttuiiiptH  to  draw  near  to  these  beings  or  to  escape  from  them, 
til  fomcaHt  the  object  of  their  intervttntion  and  the  form  it  will  take,  or 
t4i  iiuHllty  tlii'ir  n<^tion  by  conciliation  or  compulsion. 

(3)  KiHioiirsfl  to  the  mediation  nf  certiun  individuals  supposed  tv 
biivt'  H|H'i-lal  (|iiii)illciitlonH  for  huc^ccss  in  micb  attempts. 

(-1)  The  phu-iiig  of  ci^rtain  custoniK  under  the  sanction  of  super- 
liilitiaii  jMiwurs. 

i'Hmarlly,  religion  i»  doriiiiHl  a.s  "the  conception  man  forms  of  hia 
it'hiMoiiH  with  tlio  HU|H>r1nim»n  and  mysterious  ]>ower8  on  which  he 
brIlcvi'H  hiiiiM>U'  to  (U>iH>iul."  Further  on  and  growing  oat  of  this  con- 
i<o|illoii  aic  "  the  lU'tti  which  man's  primitive  conception  of  anperhuman 
lioliitc*  and  liiH  n-hition  with  tbeni  lead  him  to  perform." 

('(iiiuuoiii'iiig  with  )irimilivc  luiiiuisiu,  these  conceptions  have  arisen 
Ihrongh  |>olyiU'iiM>nisiu  iiudjxilytbeisnijthrough  dualism  to  monotheism. 
Thi>  ontloiik  ill  this  tuithor'sniind  ismi>st  cheering.  (>u  the  other  hand, 
I  ho  Icm'hliiK'*  !>('  thi«  ImiiIo  irAiithi'o)Hih>^ii>  lu-e  to  the  effect  that  under 
•>«•»  chtir  liKhl  of  sfi<'int'  all  n>ligions  will  I*  baui.-ihed  from  the  world. 

L:,y,l,.euL7G00^Ic 
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97-111. 
JoiiN,  MKRQVKen  or  Bctb.     On  the  ancient  laugnage  of  th»  natives  of  Teneriffe. 

Anthrop.  Section  Brit.  Assoc.,  Iiondon,  Masters.     54  pp. 
Jtriins  Hopkins  University  (publication  agency),  Balto.,  Md.     University    stndlM 

in  historieol  and  political  seienoe,  7  ser.,  llW3-'89.     Social  science,  education, 

and  govemnient,  1889.     American  J.  of  Pbilology  (qnarterly),  B.  L.  Gildersleeve, 

ed.    Studies  from  the  biological  laboratory,  H.  N.  Martin,  cd. 
Jolt,  Hrnri.     Psychologie  des  grands  hommes.  2"  i*d.     Paris,  1891,  Ilacbette  et 

ci. ,316  pp.     12mo. 
JoRDAM,  Francis,  Jr.     Aboriginal  woodworking.     Rep,   NnmesDi.   and  Anttiiuar. 

Soo.,  Phila.,  1887-'89,  7e-78. 
Journal  Asiatiiiue,  on  recneil  de  mi^nioirus,  d'extraita  et  de  notices  relatifs  ik  lliis- 

tnire,  h  la  phllosopbie,  anx  Bcieni;uB  k  la  litt^rature  et  anx  langnes  des  penplen 

oricntaux.  vol.  1,  ser.  I,  vol.  xvui,  sec.  2,  1822-1891.     Paris. 
Jonmal  (A)  of  Amfricnu  ethnnlocy  nnd  archieology.     Editor,  J.  Walter  Fewkes. 

vol.  1.     Boston  and  New  York.  Houghton,  Mifflin  it  Co.     132  pp.,  1  pi.,  2  plaus. 

Roy.  8vo. 
Jonmal  <The)  of  American  Folk-Lore.     W.  W.  Newell,  Boston  and  N.  Y.     For  the 

American  Folk-Lore  Society,  1888-1891,  vol.  i-iv.      Quarterly  Journal  of  the 
Ameriran  Oriental  Society,  New  Haven,  Conn,,  1891,  vol.  xv. 
Journal  of  the  Antbropologiral  Institute  of  Great  Britain  and  Ireland,     Iiondon, 

Trilbuer.     Quarterly.     1870-1891,  vols,  i-xxi. 
Jonnial  of  ths  Anthropological  f^ociety  of  Bombay.     Bombay  Education   Prea., 

1890-1891,  vols.  I,  II. 
Journal  of  the  Asiatic  Society  of  Bengal.     Calcutta. 
Jonrnal  of  theCeylon  Branch  of  the  Royal  Asiatic  Society.     Colombo. 
Journal  of  the  Oiina  Branch  of  the  Royal  ABiatic  Society.  C^'cinolt' 

JonmHl  Dfllio  Cincinnati  Society  of  Natural  llixtory.     1884,  vol.  vii,  pt^ii^  n9(P^ 

vol.  XIII. 


480         SUMMARY   OP    PROGRESS   IN   ANTHROPOLOGY    IN   1891. 

Jonnial  u{  ludiau  Art.     A  pcrioilicnl  containing  faithful  copies  of  n-orka  of  art  iwo- 

duc<>il  in  Indiit  in  ancii'iiC  anil  modem  tiiueH.     1884-1891,  vols,  i-iv,  parta  1-37, 

London,  H.  Qiiaritcli. 
Jounal  of  Indiun  Art   aud    luduatTirs,    l^ondou,  B.   Quaritcli,     [lUuBtratiwu 

Indian  indiietriex.] 
Journal  of  tUo  Military  tjervioe  Inatitntiona.     New  York,  by  tlie  inatitntion. 

montbly.     1881-1891,  voIn.  i-xi. 
Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland.     London,  TrSb- 
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THEMiUfNDSOFTlIK  MISSISSIPPI  VAM.KV,  IIISTUItlCALLY 
CONSIDEBRD." 


By  LrciEN  Carr. 


lu  A  paiMsr  upuii  the  Prebistoric  Remains  of  Kentucky,  pabtished  in 
tbe  first  volume  of  these  memoirs,  I  have  expressed  tlie  opinion  that  it 
vas  impossible  to  disttngui»h  between  n  neries  of  stone  implements 
tiiken  from  the  moumds  in  the  Missi58ip]>i  Valley  and  a  similar  series 
made  and  used  by  the  modern  Indians.  In  fa^-t,  so  alike  are  these 
objects  in  couceptiou  and  execution  that  any  attempt  to  distinguish 
tliem,  based  upon  form  or  finish,  must  be  but  the  merest  guesswork. 
From  the  rude  knife  to  the  carved  and  polished  "gorget"  they  may, 
one  and  all,  have  been  taken  from  the  inmost  recesses  of  a  mound  or 
picked  up  on  the  surface  amid  the  debris  of  a  recent  Indian  village, 
and  the  most  exporienved  archioologist,  if  vailed  upon  to  decide  as  to 
their  origin,  would  have  to  acknowledge  himself  at  fault.t  Nor  does 
this  similarity  stop  with  objects  made  of  stone.  On  the  contrary,  it  is 
believed  to  extend  to  all  the  articles,  of  every  kind  whatsoever,  that 
have  thus  far  been  taken  from  the  mounds.  Indeed,  I  might  even  go 
further,  and  as  the  result  of  some  years  of  work,  as  well  in  the  field  an 
in  the  library,  venture  the  assertion  that  not  only  has  there  not  as  jet 
been  anything  taken  from  the  mounds  indicating  a  higher  stage  of  de- 
velopment than  the  red  Indian  of  the  United  States  is  known  to  have 
reached,  but  that  even  the  mounds  tliemselves,  and  under  this  head 
are  included  all  the  earthworks  of  the  Mississippi  Valley,  were  quite 
nithin  the  limits  of  his  efl'orts. 

This  coniilnsion,  together  with  its  corollary  as  to  the  origin  of  these 
Htmctnres,  is  neither  new  nor  original;  and  yet,  iu  spite  of  the  simple 
explanation  it  gives  of  the  mound  question,  or,  perhaps,  it  might  be 
more  correct  to  say  on  account  of  this  very  simplicity,  it  has  made  its 
way  but  slowly.     It  seems  difficult  to  account  for  this  fact  except  on 

'Memoirtof  the Kealucly  GroJogical  Sartei/,  vol.  ii,  1KS3;  N.  S.  Shitler,    Director. 

tCompare  Schoolcraft's  JaitiaR  Tribe$  of  iKt  I'liited  Slafe;\o\.iv,  p.  lil.  Briii- 
ton,  Floriilian  Pen'iiuula.  p.  17U:  PhiladelphiB,  1859.  M.  F.  Force,  Some  Contiderafioni 
oa  Ike  Moaad-buildert,  p.  T2:  Ciuciunnti,  1873.  8.  ¥.  Haveo,  in  vol.  VIII  of  the 
Bmitluoiiiaii  Co*lribittiam  to  KnotoUdge,  p.  158.     Lnpham,  in  vol.  vil  of  Bame,-p.  30. ,  [  . 
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tW  gmimd  chat  duMe  who  have  written  apoD  this  snbject,  and  wbo 
have,  to  :»  wrtain  extent,  nofaicd  publit;  opinion,  have  approRohed  ii 
fmm  i>ue  sue  -mlv.    They  hare  usually  belonged  to  the  class  of  prar- 
dcal  «piorersv  .uhI  oave  twoa^t  to  the  investigation  a  certain  number 
•H  Si*.-cs.  ^iiiedy  ■■umiilucive  tn  thamter;  bnt  they  have  not,  as  a  nile. 
liteti  ;>*Kie«iee*i  or  niat  meiuatv  «H"  historical  information  which  is  nc* 
t?t«ar>'  nia.-i.FTTH-r  u-rvrpceciCoBof  these  (acts.   Being  thus,  as  it  wei*. 
■tuc  "luit  trepatwu  a.r  lae  work,  they  hare,  not  nnfrequently,  given  bn 
■iim.-'i   ■U.v  Tu  tin*  imuc^aactiii.  iati  earned  their  theories  loncb  fartber 
'v.<tii  :tw  i*i  ■>  wnilvi  *;imnii    bupre:ised  with  the  size  and  character 
■n  :iiK>f  .-v'uaii:^  t  "f  I  jf^tT:*}-  by  t^-ertaiDrvsemblauces,  fancied  or  real 
u  'iiu:.ic  ■•-•  tt-cs-e'-ewHere.  they  have  nsed  them  as  a  basis  for  recon- 
■itr-n;'^  J  •>.  .:~t?  n    'v-;!,;:!!^!.!!  ro  wU'<;h.in  pointof  religionSjMtistic. 
to.i   -.i;  :■  :u  iv.-rivi'iiitf'in.  ciicv  JetLire  the  Indian  to  have  been  on- 
..,1.1^     y-i-:!!  -ii«~*  ■?\a>'mev:evrstfa^re  has  always  been  more  or  less 
.  ^t*;.,-*     ■•;  i-'i  ^l!-.  >[ttn^r.  wa«».  in  Ii;s  famons  work  "Tlie  Ancieul 
U  .....ucii.s  .t  ::ie  M.i;sssaiiiJt  ViJeT.-  aakea  no  distinction  iu  the*e 

>.u»u.ifs.  'u:  -Jtais  >i  -iie  Xuand  ixiiWers  as  an  "extinct  race.''f  and 
•■».nMs.»   in.c -•■■>.;.-T*o.  !i  :iie  jTTs  wirh  the  low  condition  of  the  mod- 
.,'•.....  -^      >    ■■.  ,";.  11  -i  swbsHiaeat  pnblication,  to  modify  bis 

,  .»-.    .....    .->  *    .  ■■  t-    'i   !•  iDiu-fcation  between  the  earth-works  ot 

>.>,<.•.  ^^^  ■    .-V    .  u   lu-si' ri'uuil  iu  suotban  Ohio,  especially  those 

.^,,       ..   ...    .1    '.-v..    i-w  '»(  biwD  sDtiivly  silent."  Haren  in  vol.  VIII  of  tbr 

V  .  •..■  .■...■...».  II.  i;*.  -■  There  ia  nolfaing,  iodMd,  in  tbr  m»gnitiirl* 
.  „  .,,  ., .  ...  ■.  ••■■'  '-^ '  ~trfu  uiuuade  which  a  8emibiint«r  and  scmia^cnttortl 
^  . .  ..  .-.  .  •  .■  .'."  i»  -f  &  :u.i,v  be  ascribed  to  the  ancestors  or  ladiaD  predeceason 
,     ...      V  ..   ..^    —v.  .vu.it  u.'«  liave  execat«d:"  Sclioolcroft's  /■£•■   mbemf  Ihf 

.     .....    v...,:^C.        Ul  theee  earth«-ork8-:ind  I  aiu  inclined  to  »iwerttli» 

V.    .     .     iv  ■»  K-.>  ,'.    li'**  ill  the  Atlantic  States  anil  the  majorilv  in  the  HiMissippi 

V  ,    ,  ,      -...I ■  i'UKlmtuiunot of  some  mythical  tribe  of  bigb  ciTilizktion  in  ro- 

u,  .^   ^ ,..ii>     '111  ji  i!ie  id«iii*aJ  nations  found  by  the  irhilcs  residiug  in  tixae 

,,,,..  lii.ui.i..  :-...w.Ji.f«iii-.Ia,  p.  ITG:  Philadelphia,  1859.  '•  Xo  doiiM  tbit 
,i,  ,   >.>..   ,...<  .1  bi  t"*  fi-n-lalliers  of  tbo  present  ladiiinit,  us  plaora  of  refuge 

.     ,.    Ik-   ii.»w.i.i~.t"lheiron«niies,audofBectirityfor(heirKomeuandchLldrcn 

„    ,„    ....  w..v-.'ui|"lt'il  toltavelbemforthe  dulies  of  the  chase:"' Geii. Lewis 

<   ,,^    i.   \  ■.  ■!    I*. ■. J<  /.Vn>*-for  January,  182G.     "Nothiu^  iu  them  which  niir 

...    ..V.  'mi.  iHituiuirttl'v  a  savage  people:"  fJallatiu,  in  .Ji-cAtrofa^ia  .i»fl-irtM 

i-l.l  i.Ua  Ihiit  the  M oil ud- builders  were  peoples  distinct  b<m 

iiUiiusuf  the  fifteenth  iind  sixteenth  centuries  and  tbeirpn- 

ii>uiid<Htiu  fact,  and  fanciful:"  C.  C.  Jones,  in  Norlh  Jwrioi 

l."i7*,|>.80.    "Mound-builders  were  tribes  of  American  Indisn* 

h  Ihp  tribe*  now  living:"  M.  F,  Force nt  the  Congri^  Itilema- 

istes:  LnxemlKmrg.  18T7.     "The  progress  of  dtucoverj'  Be«nn 

ih  tbo  distinction  bvtwet'U  the  ancient  and  modem  racKn;  aui 

Ltdo  of  the  truth  to  assert  that  they  were  the  snuii' people;'' 

mH  <\>HlriftiiltiiH(  to  Knoirlftfi/e,  vol.  \'li,  p.  29, 

ikiiwmt  lo  Kii<Helt4fe,vo].i,p.3Q6:  Wushiogtou,  ISIS. 
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which  he  styles  religious  or  "  sacred  iucloaureB."  The  former  of  these, 
be  thinks,  were  erected  by  the  recent  ludistm,  and  he  supports  this 
viev  by  a  chain  of  reasouiug  that  is  believed  to  be  unanswerable.  In 
it  he  institutes  a  comparison  between  the  "  relics  of  art  and  traces  of 
occnpancy"  found  within  them,  and  those  which  mark  the  sites  of 
towns  and  forts  that  are  known  to  have  been  occupied  by  the  Indians, 
and  pronounces  tliem  to  be  identical.  To  this  powerful  argument, 
drawn  from  what  may,  not  inaptly,  be  termed  the  facts  of  the  mound, 
he  adds  very  copious  notes  as  to  the  origin  and  use  of  such  structures 
among  the  people  of  all  ages  and  countries,  though,  of  course,  with 
special  reference  to  those  that  are  known  to  have  been  erected  by  the 
American  IndianH.  In  this  historical  retrospect  he  permits  the  facts 
to  speak  for  themselves  with  most  commendable  impartiality,  even 
thoQgb,  as  he  iVankly  admits,  tbey  led  to  the  conclusiou,  little  antici- 
pated when  he  started  on  the  trip  of  exploration,  *'  that  the  earth-works 
of  western  Mew  York  were  erected  by  the  Iroquois  or  their  western 
neighbors,  and  do  not  possess  an  antiquity  going  far  back  of  the  dis- 
covery." ■ 

To  this  eoDclusioQ,  so  far  as  it  goes,  I  certainly  do  not  object.  Un- 
fortunately, however,  it  stops  short  of  the  mark ;  and  this  is  the  more 
to  be  regretted,  inasmuch  as  it  is  believed  that  the  line  of  argument 
by  which  Mr.  Squier  convinced  himself  that  the  defensive  works  of 
western  New  York  were  erected  by  the  modem  Indians  would,  if  it  had 
been  applied  to  the  earth-works  of  the  Mississippi  Valley  of  every  kind 
whatsoever — to  the  so-called  sacred  inclosures  not  less  than  to  the 
hill  forts — have  led  him  to  precisely  the  same  conclusion.  The  two 
propositions  rest  upon  essentially  the  same  foundation,  and,  as  we 
shall  see  later  on,  must  stand  or  fall  together. 

Before  beginning  this  task,  however,  it  n)ay  be  welt  to  premise  that 
it  is  not  intended,  in  the  course  of  this  investigation,  to  assert  that  the 
mounds  were  built  by  any  particular  tribe  or  tribes  of  Indians,  or  at 
any  particular  time;  neither  is  it  claimed  that  each  and  every  tribe 
living  within  the  Mississippi  Valley  ereirted  such  structures.  So  far 
as  my  present  purpose  is  concerned,  they  may  have  been  built  by  any 
tribe  that  can  be  shown  to  have  occupied  the  regions  where  they  are 
nnnd,  and  at  any  time  during  the  period  of  such  occupancy.  All  that 
I  intend  to  assert  is,  that,  admitting  everything  that  can  be  reasonably 
■claimed  by  the  most  enthusiastic  advocate  of  the  sujierior  civilization 
of  the  Mound-builders,  there  is  no  reason  why  the  re<l  Indians  of  the 
Mississippi  Valley,  judging  irom  what  we  know,  historically,  of  their 
flevelopment, could  not  have  thrown  nptheseworks.  This  proposition 
ionot  as  complete  as  conld  be  desh'e<1,  and  yet  it  probably  embodies 
all  that  can  ever  be  proven  on  this  subject.    Ability  and  i>erformanee 

'  "Aborigiual  Moiiumeuta  of  tlie  State  of  New  York,"  in  Snithionian  Ci/nlribHtioni 
to  Exmetedgi;  Tnl.ii,p.g3:  Wasbington,  185L  ,-~  , 

L:,y,l,.euL7COO^IC 


504  -i 

the  groand  i 
have,  to  ii  <■•■ 
fromoueKi'i' 
tical  expli>j'' 
of  fiicta,  til 
been  possf 
essary  t"  ;i  ■ 
but  ball"  I  ■ 
much  i)lii ' 
than  the 
of  the.-'' ■  : 
to  siuiih 
struct  i  I' 
anil  ]!•''. 
equal. 

MolIM' 

reuiir 

COIltl 


L7  Google 


THE  MOUNDS  OF  THE  MISSISSIPPI   VALLEY.  507 

I  m  bowever  it  will  be  Beeu  that  it  is  based  upon  tbe  assumption  that 
I  i>  Moand-bailders  were  aa  agrtcnltaral  iieople,  aod  lived  under  a 
I  :')ii;;ly  centralized  form  of  governmeut,  no  matter  whether  that  gov- 
iiiiient  was  one  of  force,  or  of  opinion  foanded  upon  policy  or  rcligiou. 
iits  assumption  is  probably  not  far  from  the  truth;  but  to  have  any 
t'ii;ht  in  this  discussion,  it  must  carry  with  it,  as  a  correlative,  tbe 
ii'tlier  admission  that  the  Indian  was  not  an  a^^culturist,  and  was 
■I  subject  to  any  such  central  authority,  or  controlled  by  any  such 
ilH'lUng  motive.  This  of  conrse  is  not  admitted,  and  it  is  precisely 
i»m  these  points  that  the  issue  is  to  be  joined. 

I, — THE  INDIAN  AS  AN  AGEICULTUEIST. 

Taking  up,  in  their  order,  the  requirements  that  are  admitted  tobave 
•vu  possessed  by  the  builders  of  these  mounds,  and  which  are  popu- 
irly  supposed  to  have  been  wanting  in  the  Indian,  we  are  met,  first  of 
ill,  witb  the  statement,  made  either  directly  or  by  implication,  that  be 
v^is  not  an  agricultnrist,  but  depended  almost  entirely  upon  tbo  chase 
Uir  the  means  of  subsistence.  ■  True,  there  exists  a  vague  notion  that 
'!Hccotash  and  hominy  were  not  unknown  in  tbe  aboriginal  cuisine,  and 
there  may  be  those  of  us  who  are  sufficiently  skilled  in  culinary  mat- 
ters to  say  that  these  succulent  dishes  are  made  of  Indian  corn ;  but 
of  the  snbstantial  truth  of  tbe  above  statement  there  is  little  or  no 
doubt,  even  among  those  who  have  taken  the  trouble  to  write  on  the 
subject.  Exactly  why  this  is  so,  when  all  the  records  tell  us  that  tbe 
early  colonists  in  New  England,  Virginia,  and  elsewhere  throughout 
the  eastern  portion  of  tbe  United  Stat«s  owed  their  lives,  on  more  than 
one  occasion,  to  the  timely  supplies  of  corn  begged,  bonght,  or  stolen, 
from  tbe  natives,!  is  something  of  a  mystery,  though  perhaps  it  is 

' Aneltnl MoHumenl* of  the  Mu»i»iippi  FatUg,^.  13,  ha.lA'xiu,  AncUitt  AMeriea,  p. 
3i.  Foater,  Prtkiitorio  Raca  of  t\t  United  Statu,  p.  300.  Sclioolcraft's  Indian  Tribt» 
o/rte  Vnitrd  State*,  vol.  vi,  p.  183.  Goobin  in  vol.  I  of  tbe  first  Beriea  of  tbe  Maua- 
Aut^tt  BUtorieal  Collfetiom,  p.  149.  Colden'a  Hittory  of  the  Five  Natiooe,  p.  13; 
London,  1767. 

t  Plnsieun  nations  aanragea  s'etabUrent  «ur  le  MiH4i«sippi  t,aimz  pres  de  In  Noa- 
TelleOrleBiuietconimelapliipartdece.'iPeupiessont  dans  i'asagedecaltiver  iaterre, 
iladefriclkerent  des  grauda  terreios,  co  quifut  une  rMourcepoiiicotte  villealaquelle 
ib  ont  sonvent  foami  des  vivres  dane  le  besoin : "  CiiarlevoiK,  Siitoirt  de  la  X^ourelle 
/Vance,  vol.  it,  p.  198:  Purig,  17-14.  *'l  wai  aalvly  conducted  to  Jamestowne,  wbere 
I  foood  about  eigbt  and  tbirtia  poore  and  aiclce  creatiireHj  -  .  ■  such  iraa  tbe 
weakncBS  of  tliia  poore  commoa  weal  tbo  as,  bod  tbe  salvngea  unt  fed  us  we  ilirectlle 
bad  starred.  And  tbisrelyfe,  most  gracious  QueeDe.wos  commonly  broagbtby  tbis 
lad;  Pocabontas;  -  -  -  during  tiie  time  of  two  or  three  y eares,  shee  next,  nnder 
God,  was  still  the  instrument  to  preserve  this  colonie  trom  death,  famine  and  utter 
confusion:"  Capt.  Smith,  Relation  to  Queene  Anne  in  HUtors  of  Virginia,  p.  131: 
London,  1633.  "By  selling  thom  com,  when  pinched  with  famine,  they"  (the  In- 
diftus)  "relieved  their  distresses  and  prevented  them  (torn  perisbing  in  a  strongoland 
and  ancnltivated  wilderness:"  Trumbull,  Connecticut,  vol.  i,  p.  47:  Hartford,  1797. 
"They  got  in  this  viosge,  In  one  place  and  other,  about  36  or  28  hogsheads  a  ~ 
aud  benoM:"   Bradford'a  History  of  Pljmoatb  Plantation,  iaMau.  Hitt.  < 
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liu'ge  flt^lds,  and  underaUwd  and  appre(uute<l  the  beiiefits  ivriuing  from 
Ibt>  nsti  of  fertilizers.*  Indeed  sack  wua  bi»  proficiency  itnd  industry, 
lliateven  witli  ttie  radtt  and  imi>erfect  impleineiita  at  bis  disposal,!  be 
not  only  raised  corn  enough  for  liis  own  nse,  but,  ns  a  rule,  bad  some 
to  spare  to  bis  needy  neigblxirs,  botii  red  and  white.  |  Under  ordinary 
circumstances  it  woaid  only  be  necessary  to  establish  tbis  fact  in  order 
to  prove,  beyond  <;avil,  that  the  red  Indian  was  an  agriculturist  in  the 
very  highest  acceptation  of  that  term,  and  that  in  thi^  resi>ect,  at  least, 
he  stood  upon  the  same  footing  as  the  mound-builders.  In  the  present 
iUKtauce  however  tbis  is  not  the  case.  Not  only  is  it  not  sufficient  to 
prove  that  the  Indians  were  husbandmen  in  order  to  raise  them  to  this 
level,  but  we  are  called  upon  to  show  that  among  them  the  men  labored 
in  the  flelds  as  well  as  the  nomeu.  Indeed,  we  are  told  by  a  writer, 
from  whom  I  differ  with  many  misgivings,  that  iu  this  respect  there 
was  a  very  great  difference  between  the  mound-builders  and  the  recent 
Itidians;  and  although  the  diffureoce  is  said  not  to  be  absolute,  yet  it 
is  gravely  asscrteil  that  among  the  former  "the  men  must  have  labored, 
whilst  among  the  latter  labor  is  left  to  the  squaws. "  §  Statements  like 
tb^e,  unsupported  by  evidence,  do  not  carry  much  weight ;  and  if  this 
investigation  were  intended  to  be  a  mere  trial  of  dialectical  skill,  and 
not  an  earnest  search  after  the  truth,  it  would  be  sufficient  to  pass  them 
by  with  a  simple  denial — all  the  reply  that  they  are  logically  entitled 

'".VUoliu  toulil  them  excupte  tliny  gott  HbIi,  and  Hct  witli  it  (in  the  oldgrDiindn) 
it  would  come  to  nuthing."  Brotlfunl'H  History  of  Plyiuouth  PlautaUuii,  In  vol.  lit, 
oftbe4thBerieHof  iltus.  Bill.  Coll.,  p.  100.  The  Iroquois  "  maoure  a  great  deal  of 
grDDuiI  for  Bowing  th«ir  Indian  euro."  Ht'iiiie|iiu,  .-f  nnir  Ditcotrrg  of  a  rati  Counlrg 
in  Anrriea,  etc.,  vol.  1,  p.  18:  London,  1698.     ''Tons  cts  peiiplea"  (ATmouchiquola, 

yirginieni,  etc.)"  "uograuisent  Icurii  vbanipa  de  roiiuillages  de  pulHSOQs."  Les- 
carbot,  vol.  ii,  p.  8W:  Paris,  1612.  "Tbey  uever  dung  their  lunil,  only  when  they 
"onld  BOW."  LaudoDoiire.  FirHt  Attempt  of  the  Preach  to  Colooize  Florida,  Id 
Hilt.  Colt.  Loaitiana,,  new  HcrieH,  p.  174:  New  York.  lSff9. 

I 'Tse  woollen  bowes."  WilliamH'  Key,  p.  130.  "  Spades  moile  of  hard  wood  used 
Iq  agriculture."  Bomii,  TrartU  Tli rough  Loaiiiana,  p.  224:  London,  ITTl.  "Flor- 
iila  Indiana  dig  tlieir  ground  with  au  iustruuient  of  wood  which  is  I'asbiooed  like  a 
broad  mattock."  LaudouoiiTe  in  Hiit.  Coll.  Loiii$iana,  uew  sertcH,  p.  174:  New 
Vork,  1869.  "  lis  out  un  inntrtiment  d«  bois  fort  dur,  faiot  en  fa^on  dune  beaehe." 
I'hamplaiu,  vol,  i,  p.  95:  Paris,  1830.  "  II  leuraufflt  d'un  morcean  da  boia  recunrb^ 
d«  troia  doigis  de  largeur,  attacbi^  a  nii  loog  insDcbo  i|iii  leur  sert  n  tuircler  la  terro 
et  n  la  remoer  IcgiTemi'Dt."  LaHtan,  Moeuri  da  Sanragea  .imeriqaaini,  vit\.  ii,  p. 
It).  "  Use  hoea  made  of  ahoulder  blade  of  Miiiniala  fixed  on  atikVfiH."  Romaon,  Eatt 
and  iVetl  Florida,  y.  110.  "  Uso  sbouliler  blade  of  inlocr  or  a  tortoiae  shell,  sharp- 
tned  npon  a  stone  aii<l  fusteued  to  :i  stick  instead  of  a,  hoe."    Loskiel,  Mintout  in 

XorIK  Aatrri^M,  p.  KT:  London.  1791.     See  also  Joutet  iu  Hiit.  Coll.  LoHiaiaiia,  part  t, 

p.  149,  etc. 
t  BtlalioH  de  la  NourelU  France  en  I'  aun<?<'  1641,  )i.  Kl :  (Quebec,  1858.    Sagard, 

TojUfR  da  Huront,  pp.  12'i,  134 :  Parin,  1632.     Capt.  John  Smith,  Description  of  New 

Eoglaud  iu  Matt.  Hi$l.  Coll.,  vol.  vi,  of  3d  eerieu,  p.  120.     La  Houtaiu,  Vogaget,  vJl. 

I,  p.  105:  Loudou,  1703.     Charlevoix,  /.«rieni,  p.  175:  Loudon,  1763. 
^  &>iNe  Conndrratiom  oh  the  Moattd-huildtn.     By  M.  V.  Force.    Pauiphletj^p.  72: 

CincinnBti,  1873.  ij,^,,,^^^  l>  GoOqIc 
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to.  But  tilts  mode  of  procedure  would  not  answer  the  purposes  of  this 
inquiry,  nnd  hence  1  am  induced  to  accord  them  a  more  respectfnl  cod- 
eideratiou ;  aod  1  do  this  tlie  more  willlogly  inasmuch  as  it  agrees  with 
my  general  plauof  admitting  everything  that  can  be  reasonably  claimed 
iu  behalf  of  the  moand-bnilderR,  whilttt  at  the  same  time  it  affords  an 
opportunity  of  examining  into  the  correctness  of  the  usually  received 
opinion  "that  the  Indian  considei-ed  labor  as  derogatory,  and  left  it  to 
the  women."" 

Before  beginning  this  branch  of  the  iuqutry,  liowuver,  it  is  necessaiy 
to  come  to  some  understanding  as  to  the  tneauiug  to  be  given  to  tli« 
word  "labor,"  otherwise  we  §liall  be  at  cross-purposes  throughout  the 
whole  of  the  investigation.  U»ed  in  its  broadest  sense,  tlie  t«rm  lucIndeH 
huDtiug  and  fishing — occupatious  which  undoubtedly  belonged  to  the 
men,  and  which,  when  followed,  not  as  a  pastime,  but  for  the  purpose  of 
gaining  a  subsistence,  Involved  labor  of  the  very  hardest  kind.f  If  to 
this  it  be  added  that  the  Indian  warrior  was  expected  to  do  all  the 
fighting,  it  will  be  seen  that,  at  a  very  moderate  estimate,  he  had  work 
enough  on  bis  bauds  to  keep  him  reasonably  busy.  As  an  evidence  of 
the  absorbing  nature  of  these  occu))ations,  it  may  be  said  that,  to-day, 
in  some  countries  of  Continental  Europe  in  which  the  state  of  war  is 
the  exception  and  not  the  rule,  as  it  was  among  the  Indians,  the  per- 
formance of  the  one  duty  of  military  service  alone  is  considered  to  be 
a  sufficient  reason  for  withdrawing  all  able-bodied  males,  within  certain 
ages,  from  every  kind  of  productive  labor  during  the  term  of  puch  ser- 
vice, even  though  the  whole  of  it  be  passed  in  a  time  of  profound  peace. 
Among  these  nations,  and  tliey  are  some  of  the  most  highly  civilized 
in  Europe,  it  is  no  exaggeration  to  say  that  labor,  using  that  word  in  its 
broadest  sense,  is  left  to  the  women  far  more  completely  than  it  ever 
was  among  the  Indians;  for  the  Indian,  when  not  actually  engaged  in 
warfare,  did  hunt  and  fish,  and  contribute  to  this  extent,  at  least,  tj> 
the  general  welfare,  whilst  his  European  counterpart  is  not  allowe^l  to 
engage  in  productive  labor  of  any  kind  whatsoever  during  his  term  of 
militarj'  service.  But  there  is  another  and  a  narrower  sense,  in  which 
the  word  is  taken  to  meau  simply  field-work,  or  work  neceasarj-  to  the 
growth  and  production  of  com;  and  it  is  this  signification  that  is 

'  ArclnTvlofia  .imrrinmm,  to),  ii.  |i,  151.  Stoddanl,  StrlrMa  of  LctinaHt,  |i.  411: 
I'hilxlelpbtft,  lUtU.  Colileii.  Fire  .Ynfittmr.  vvl.  I.  p.  13:  LwDdoD,  1747.  Foiter,Ht- 
hUlorirRarrrvfllif  rmilnl  Slain,  p.  3lXI:  Chii-agu.  ]'*73.  CUarlevoix.  Ullm,  ToJ.  II, 
p.  VM:  I...ml«n.  1761. 

l''FBtiKi)n  nf  biiDliuj;  near  out  the  ImmIv  ami  ronstitutiOD  far  more  than  oiannal 
UlK.r."  H*ikcw«l.l.r.  BUIotirat  Jirvmnl  .if  Ikr  /aWiaa  .VariMi,  p.  14C  "Thwr 
luanurr  of  ramblitiK  Ihr<>tigh  Ihe  woods  to  kill  ilnr  is  a  very  laboriouB  esertiae,  *■ 
they  ft^nrnllj  walk  tireut^'-fivr  arlbirtv  milea  lbroaf;b  rongb  ami  smooth  groondi. 
anil  faiitui);  before  they  reltira  hack  to  o.-iiuii  K<a.le<l."  Adair,  Hutorj  of  Hf  Jmiri- 
ran  Uii»<n.  p.  tOi:  London.  1775.  'ludiuii  ^itf^ls  not  to  feci  tbe  n-eigbt  of  llraf- 
giug  a  derr  liW  to  I.V)  poondti  irei)[ht  Ihniagb  a  coDsidemble  met  of  forost."  iM- 
kiel,  ViMiriHin  Ameriram.  p.  107:  LoodoD.  ITW.  ,    OoOqIc 
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nsaally  giveu  to  it  by  irriters  on  thin  subject,  »ud  it  is  in  this  seuae  that 
it  will  be  bereaft«r  used  in  the  coitrae  of  tliiH  investigatioD.  Substi- 
toting,  then,  tbe  more  specialized  form  of  expression  for  the  general 
temi,  and  the  sentence  will  read  as  follows:  Among  tbe  Indians  field- 
vork  waH  considered  derogatory,  and  left  to  the  women.  In  this  re- 
stricted shape  tbe  statement  is  not  so  objectionable;  and  yet,  even  in 
this  fonn,  it  is  believed  to  be  altogether  too  sweeping.  That  in  some 
particnlar  years  this  work  may,  from  some  cause,  have  been  left  to  the 
women,  is  of  course  very  probable — the  necessities  of  war  or  the  chase 
might  at  any  time  render  this  nuavoidablo  in  any  tribe;  and  it  may 
»]so  be  true  that  in  tbe  division  of  labor  between  the  sexes,  made  nec< 
essary  by  the  duty  of  providing  for  the  family,  this  share,  among  cer- 
tain tribes,  fell  to  ber  lot;  but  that  it  was  either  onerous,*  or  compul- 
sory,t  or  that  the  custom,  if  such  it  can  be  called,  was  general,  or  that 
it  was  adbered  to  very  strictly,  even  among  the  tribes  in  which  it  can 
be  said  to  have  prevailed,  is  not  for  a  moment  admitted.  Tabe  for 
example  the  Iroquois  or  Six  Nations,  the  only  people  among  whom,  so 
far  as  I  know,  it  can  not  be  shown  that  the  warriors  did  take  some  part 
either  in  clearing  tbe  ground  or  in  cultivating  the  crop,  and  we  find 
that  even  among  them  the  work  was  not  left  exclusively  to  ttie  women, 
bat  that  it  was  shared  by  the  children  and  the  old  men,  as  well  as  the 
slaves,  of  whom  they  seem  to  have  had  a  goodly  number.^  Singularly 
enough,  too,  tbe  reason  given  by  the  old  chronicler  why  the  men  took 

'"Labor  lu  the  Heldn  emjiloyn  women  six  tTcokn  iu  tt^elve  montba,  while  the  labor 
of  tbe  husband  to  maiataiu  bin  faaiily  lastH  tUrougboiit  tba  yenr."  Heckewulder, 
Biilorkal  Aecomit  of  (be  Indiau  Saliomi,  p.  I4'J.  "Tlie  work  of  the  women  is  not 
bard  01  difflcalt.  -  -  -  The  tilling  of  the  gronud  at  home  -  -  .  ia  frequently 
done  by  female  parties,  much  in  the  nmonvr  of  thoeo  husking,  quilting,  and  other 
iTDlics.  -  -  -  The  labor  is  thus  quirklynnd  easily  perfonaeil;  wlieu  it  ia  over, 
and  sometimcB  in  intervals,  they  nit  dinvn  to  enjoy  theiiiHelvts  liy  feasting  on  Bonie 
good  Tictuala  prepared  for  tlifiii  l)y  the  pernoo  or  family  for  whom  they  work,  etc." 
liul.,  pp.  14*,  li5.  Consult  nlKo  Willianis'H  Key  to  the  Indian  Language,  in  Collec- 
IWMOf  the  Rhode  Ulauil  HM.Soi:.,  p.  (12.  Sagard,  Foyagf  den  Huron*,  xi.X^O:  Paris, 
1632.  Joutel,  Joamal  in  HM.  CoU.  of  Lo<iiata»a,'^ait  i,\i.  149.  Lalitau,  Motur* 
dtt  Saiicaget  Ameriqiiaiiit,  viil.  ii,  p.  77;  Paris,  1724. 

I"  Etles  trauaillent  otdittairement  plus  que  lea  hoinmes,  encore  i|u'ei1e  au'y  soient 
point  Torches  n'y  coiitraintes."  Sagard,  t'oifnije  dci  Huron$,  p.  130:  Piris,  IKJiJ. 
"Not  ooly  voluntary,  but  cbeorfnily  perforniud."  Heckewdder,  p.  142.  "In  the 
■pring  the  com  field  is  plauteil  by  hiT  and  the  youngHlttrs  in  a  vein  of  gaiety  and 
(rolit.  It  is  done  in  a  few  bonrs,  and  taken  care  of  in  the  same  spirit.  It  ia  per- 
fectly voluntary  lalior,  and  she  wonld  not  be  arolded  for  omitting  it;  for  all  labor 
with  Indiana  is  voluntary."  Si'hoolcraft,  Indian  Ti-ibei  of  Ihe  Unileit  SlaU»,  vol.  u, 
p.  64.  "Aureate  cb  travail  u'est  pas  penible."  Chnrlovoii,  Xoucelle  France,  vol, 
■■■.  p.  23.  See  also  Life  of  Miiry  .leininou,  a,  captive  among  the  lTi>qiiaiH,  who  aaye, 
Pp6S,  70,  that  the  "lot  of  the  Indian  women  is  not  harder  than  that  of  white 
women:"  New  York.  1856. 

t"  If  any  of  his  chililrea  be  kiltinl  or  taken  1)y  the  enemy,  he  is  presently  fnr- 
niihed  with  aa  many  slaves  as  ho  baa  ocraaioii  for."'  La  Hontan,  vol.  ii,  p.  7;  Lon- 
"lon,  1703.  "  Women  slaves  are  oniplo.ved  to  sow  and  reap  the  Indian  com ;  and  the 
■MD  slaves  have  for  their  bnsinosa  the  hunting  nnil  shooting  when  there  is  any 
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no  part  in  the  labor,  i.  e.,  bccaa»e  ''  they  were  always  at  Avar  or  Unot- 
iiig,"  is  the  same  that  i4  to-day  made  to  do  doty  in  justifying  tlieesitt- 
encc  of  a  similar  condition  of  affairs  among  people  who  boast  not  a 
little  of  their  civilization. 

Among  most  of  the  other  tribes  north  of  the  Ohio  and  south  of  tlieSt 
Lawrence,  Huron  aa  well  as  Algoaquin,  the  men  not  only  habilaally 
cleared  the  ground* — no  small  undertaking,  be  it  understood,  in  a 
heavily-timbered  region — but  they  ireqiieutly  took  part  in  what  is 
technically  known  as  "working"  the  crop,  and  also  aided  in  the  labors 
of  the  harvest  field.  Tliis  may  not  liave  been  a  part  of  their  dnty,  but 
we  have  the  authority  of  Charlevoix  for  siiyiug  that  when  asked  to  aid 
in  gathering  the  crop  "they  did  not  scorn  to  lend  a  helping  haDd,''t 

On  this  |)oint,  however,  it  is  necessary  to  make  hasto  slowly,  ae  our 
guidoH  not  only  contradict  each  other,  but  are  very  often  at  odds  witli 
tltemHelvcH,  and  it  requires  some  judgment  to  pick  onr  way  amid  tbe 
conflicting  statemeuta.  As  an  instance  of  some  of  the  least  of  tbedif- 
flcnlties  that  beset  out  path  at  this  stage  of  the  inquiry,  let  as  take  the 
younger  Bartram,  whose  account  of  his  travels  among  tbe  Indians  of 
tho  Oulf  States  ia  one  of  tbe  most  trustworthy  tbat  has  come  down  to 
us.  Time  and  again,  in  the  course  of  bis  narrative,  he  speaks  of  tbe 
part  taken  by  the  men  in  the  work  of  raising  corn,f  and  yet,  on  page  513, 
he  tells  us  that  they  "perform  nothing  except  erecting  their  mean 
habitations,  forming  their  cauoes,  stone  pipes,  tambour,  eagle's  tail,  or 
Hiaudard,  and  some  other  trifling  matters,  for  war  and  hunting  are 
their  principal  oraployuients."  In  Vander  Donck's  New  Netherlands 
there  is  an  instance  even  more  to  the  point,  though  it  is  no  means  an 
extreme  case.  On  one  page  he  tells  us  tbatthe  Indiaus  "snbsist  by 
bunting  and  fishing  throughout  the  year,"  having  apparently  forgotten 
Ihat  in  a  previous  chapter  tie  had  said  thtit  "luush  or  sajwi^n"  was 
tlu'ir  common  food,  and  tbat  they  rarely  pass  a  day  without  it  unless 
they  are  ou  ajourney  or  bunting.^     Strictly  speaking,  tbe  statements 

Ditltfiio,  tlin'  tbi-ir  mnaters  nil)  very  orten  help  tlieiu."  /bid.,  p.  16.  "  Therefora  tbe 
p  I  111  I  tn  I  ion  work,"  among  the  Iroquois,  "  ia  \e(t  tot  thp  nomeu  aud  Blavea  to  look 
ul'ti-r. "  LawHoii,  Carolinn,  p.  188.  Lnuilou,  llltf.  See  also  Lafitan,  vol.  ii,  p.  306: 
l>Hri>,1721.  Charlevoix,  Letters,  p.  1Ij2:  Loadoa,  IT63.  HetiDepin,^;A'«w  Diieanr) 
of  a  I'ait  CoHMlrjr,  etc.,  vol.  i,  pp.  13,  215,  and  231 :  l.onilon,  1698.  John  Uartnn. 
p.  79:  London,  1751.  By  almo«t  all  of  the  old  cliToniclun  "captive"  aad  "Blare' 
are  uswl  na  convertible  terms. 

'"Ce  8ont  los  honimea  par  toiit«  I'Amerique  qni  eont  charges  de  marqaer  Ic* 
clininps  ot  cl'eu  abattre  les  gros  arhrcs.  (Jo  soot  ens  aiiosi,  ijiii  en  tout  temps  Mot 
iildlK<5it  de  coupei;  lo  gros  boia,"  etc. :  LaBtan,  Moeuri  dei  Sanvaget  Jwttriqnniu, 
vol.  II,  p.  109:  PiiTia,  1724.  "The  <|ualificntiousiif  man  -  -  -  to  tinild cottagM. 
tu  f«n  trees,"  etc.:  La  Houtau,  l'ogage$,  vol.  ii.  p.  9:  London,  1703.  Comput  l» 
l'otbi-ri<-,  vol.  Ill,  p.  18:  Paris,  1753. 

M  harlevoix,  Zeilfr',  p.  237:  London,  1763. 

I  'A'aiwt*  throHgh  Xorlh  and  Sonlh  Carolinn.  Cnieijia,  Eatl  and  Wai  Fhriiu,  tie.. 
pp,  104,  ni2,  517:  Philadelpbia,  1791. 

i  Vuiider  Doiick'a  New  Netherlands,  in  ColkHiniif  A>w  York  HUl.  S«t.,  voL  i,oI 
-'■«,  pp.  193  and  Iff?. 
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iu  the  first  of  thene  iostaiices  are  Dot  coutradit;tory,  for  oar  author  is 
Kpeakiug  of  maoafiacturea  when  he  says  the  men  do  "nothing,  etc.;" 
and  it  is  possible,  in  that  latitude,  for  a  nian  to  raise  a  crop  of  corn  and 
Tork  it  well  too,  and  yet  spend  the  most  of  his  time  hunting  and 
fighting.  To  admit  this  however  is  to  credit  the  old  chronicler  with 
a  degree  of  refinement  in  the  nse  of  langoage  to  which  he  is  believed  to 
have  been  an  utter  stranger.  In  the  second  instance,  there  is  no  room 
for  any  such  compromise.  The  two  statement  conflict,  and  can  not  be 
reconciled  by  any  amount  of  verbal  hair  spitting.  In  neither  case,  he  it 
observed,  do  the  facts  justify  the  inference  that  the  field-work  was  left 
Kiclusively  to  the  women,  as  that  conclnsion  is  manifestly  impossible, 
BO  htng  as  it  is  admitted  that  the  men  took  any  part  in  the  labor,  be  it 
ever  so  small,  at  any  stage  of  the  process ;  and  yet  it  is  precisely  upon 
these  and  similar  statdmentH  that  this  conclusion  is  based.  "Without 
stopping  now  to  inqaire  into  the  rationale  of  these  contradictions,  some- 
times only  apparent,  but  often  very  real,  it  will  be  snfficient  to  say  that 
they  have  not  sprung  from  any  wish  to  mislead,  but  have  rather  grown 
oat  of  the  fact  that  when  these  old  writers  began  to  generalize,  they 
fell  into  the  common  error  of  failing  to  make  du  allowance  for  the 
maay  exceptions  to  the  rule  they  were  laying  down.  In  all  such  cases 
ihe  true  way  oat  of  the  dilDculty  is  not  to  accept  one  statement  to  the 
eiclnsion  of  the  other;  neither  will  it  aid  us  to  offset  one  by  the  other, 
and  so  reject  both,  but  rather  we  ought  to  qualify  the  general  coi.clu- 
Bton  by  the  exceptions,  and  thus  bring  it  within  the  bounds  marked 
out  by  the  facts.  Believing  this  to  be  the  true  method  of  pursuing 
this  investigation,  it  will  be  incnmbent  on  me  to  examine  into  the  his- 
tory of  each  tribe  or  group  of  tribes  separately,  in  order  to  find  out 
irhether  the  men,  >.  e.,  the  warriors,  took  any  part  iu  the  field-work, 
aod  if  so,  to  what  extent.  If,  in  the  course  of  the  inquiry,  it  should  be 
shown  that,  in  any  tribe,  at  any  time,  the  men  did  take  some  part  in 
this  work,  no  matter  how  insigniflcHnt  it  may  have  been,  then  it  is 
evident  that  at  that  time,  in  that  particular  tribe,  the  field-work  was 
not  left  exclusively  to  the  women,  whatever  may  he  said  to  the  con- 
trary by  the  unthor  who  tells  the  story.  It  must  not  however  bo  for- 
gotten that  although  this  statement  as  to  the  actual  condition  of  a 
large  majority  of  the  tribes  living  east  of  the  Mississippi  and  south  of 
the  8t  Lawrence  is  believed  to  be  tnie,  yet  it  is  not  denied  that  there 
vere  many  instances  in  which  this  labor  was  practically  left  to  the 
women,  owing  to  the  fact  that  tlie  men  were  away  from  home  hunting 
or  fighting.  This  fact  was  unfortunately  of  frequent  recurrence;  but 
M  it  was  the  result  of  an  accidental  and  not  of  a  permanent  condition 
ofafiitirs,  it  would  hardly  be  fair  to  ascribe  it  to  the  existence  of  any 
uiBtom  or  to  any  belief  in  the  derogatory  character  of  the  work. 

Beginning  with  the  Hurons,  of  Canada,  we  find  that  in  A.  D.  1536  a 
baud  of  the  Iroquois  branch  of  that  family  was  living  in  the  stocka^^dj  [q 
H.  Mis.  334,  pt.  1 33 
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was  etanding  in  the  fields,  400,000  minots  or  13,00,000  boBhels  of  gnio 
were  destoyed.*  This  amoant  is  doubtlessly  much  exaggerated,  bat 
that  it  was  very  large  is  evident  from  the  statements  of  Tonti  t  and  Ia 
Hontan,]  both  of  whom  took  part  in  the  expedition.  According  to  the 
former,  they  were  for  seven  days  engaged  iu  cutting  up  the  com  belong- 
iug  to  the  four  villages.  The  latter  author  puts  the  time  coasumed  in 
this  work  at  five  or  six  days,  and  by  way  of  showing  the  nselessiiess  at 
sach  destruction,  he  makes  one  of  their  Indian  allies  remark  rather  cyn- 
ically thati  "the  TsonDontonans  did  not  matter  the  spoiling  of  the  rom 
for  tbat  the  other  Xroqaois  nations  were  able  to  supply  them."  Theu 
extracts  will  give  some  idea  of  the  extent  to  which  com  was  gron 
among  these  tribes,^  and  will  justify  the  use  of  much  stronger  langnagt 
than  Mr.  Morgan  employs  when  be  declareii  that  "  It  can  not  be  affirmed 
with  correctness  that  the  bidian  subsisted  principally  by  the  chase.": 

As  to  the  manner  of  preserving  or  storing  this  grain  for  winter  rm, 
we  are  not  left  iu  the  dark.  In  addition  to  the  garrets  or  tops  of  thai 
houses  and  cribs,iy  they  were  in  the  habit  of  "  burying  their  surplus  oon 
and  also  their  charred  green  com  in  cachea,  in  which  the  former  would 
preserve  uninjured  through  the  year,  and  the  latter  for  a  much  loDgti 
period.  They  excavated  a  pit,  made  a  bark  bottom  and  sides,  and  bsT- 
ing  deposited  the  com  within  it,  a  bark  roof,  water-tight,  was  oos- 
structed  over  it,  and  the  whole  covered  up  with  earth."** 

In  regard  to  the  field-work,  the  weight  of  evidence  inclinea  to  the  ooo- 
clusion  that,  ever  since  the  arrival  of  the  whites,  it  has  been  in  th« 
hands  of  the  women  and  slaves,  and  that  the  warriors  took  no  part  in  it 
neither  wording  the  crop,  nor  clearing  the  land,  as  their  oongenen  is 


*  CbarlevoU,  Hiitoire  de  la  NouvtlU  Fronne,  vol,  it,  p.  356:  Paris,  1744.  Der.  BiH' 
of  A'«r  York,  fltst  spries,  p.  238 ;  Albany,  l&i9. 

t  Narrative  in  HUloriral  ColUctioiu  of  Loui»ia«a,  part  i,  p.  70. 

tLa  HotitHU,  \'o))age»,  toI.  i,  p.  77:  London,  1703. 

^Iroqnois  "reap  orflinarily  iu  one  hurveiit  as  much  as  serves  'em  for  two  yean:* 
Henneptn,  A  oeir  DUartery  of  a  Viul  Covniry  in  America,  vol.  i,  p.  ]g:  Londni. 
1698.  "Cultivated  lOOacres:"  /bid.,  p.  19.  "Com  plenty  among  different  tiibct 
of  tbo  IroqnoiB : "  Orconhalgb  (a.  d.  1667),  in  Doe.  Bill,  of  Xem  York,  vol.  I,  p.  U 
"Com  bas  ever  been  the  Htaple  article  of  conanmption  among  the  Iroquois.  Tbt< 
cultivated  this  plant,  and  also  the  bean  and  tbe  squash,  before  the  formation  of  tk 
league.  -  -  -  Raised  auffloientquantitiesof  each  tosnpply  their  utmost  iruti;\ 
Morgan,  League  of  the  Iroqaoii,  p.  199:  Rocbester,  1851.  "Village  field  ooniilliiV 
ofCentimes  of  several  hnndred  acres  of  cultivated  land:"  /bid.,  p.  314. 

IlLeagHeof  the Iroqiioii,  p.  199;  Roohwter,  1851. 

K  Lafitan,  vol.  ii,  p.  80:  Pari*,  1724. 

"  League  of  the  [Toqvois,  ■p.  319.  Mr.  Morgan  adds  that  "pitaof  charredranxn 
still  found  near  their  ancient  settlements.  Cured  venison  and  other  meals  '"' 
buried  in  th«  same  manner,  except  that  tbe  baik  repository  was  lined  «ttb  if 
skins."  As  to  eaches,  see  also  Hennepin,  I.  e.,  vol.  i,  p.  18:  London,  1S9S.  I^M. 
Moenri  dei  Saumget,  vol.  ii,  p.  79:  Paris,  1724.  Loskiel,  Jfutian  in  Jmeri»,l-ii- 
London,  1794. 
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Canada  were  ia  tbe  babit  of  doing.  Oolden*  and  otlierst  assert  this 
poettively,  and  Gen.  Ely  S.  Parker,  himself  an  educated  Iroquois,  con- 
firms the  statement  in  an  interesting  letter  which  I  take  the  liberty  of 
publishing  entire:  "I  do  not  think  that  the  Iroquois  men,  at  the  time 
(o  which  yoQ  refer,  ever  aided  in  any  agricultural  operations  whatever. 
Among  all  the  Indian  tribes,  e^peciaUy  the  more  powerful  ones,  the 
I^iQciple  that  a  man  should  not  demean  himself  or  mar  his  dignity  by 
caltivating  tbe  soil  or  gathering  its  product  was  most  strongly  incnl-  - 
cated  and  enforced.  It  was  taught  that  a  man's  province  was  war, 
bnotuig,  and  fishing.  While  the  parsnit  of  agriculture,  in  any  of  its 
branches,  was  by  no  means  prohibited,  yet,  when  any  man,  excepting 
the  cripples,  old  men,  and  those  disabled  iu  war  or  hunting,  choae  to  till 
^e  earth,  he  was  at  once  ostracised  from  men's  society,  classed  as  a 
woman  or  squaw,  and  was  disqualified  ftom  sitting  or  speaking  in  the 
councils  of  bis  people  until  he  had  redeemed  himself  by  becoming  a 
skillful  warrior  or  a  successful  hunter.  At  the  present  day  even,  some 
of  the  western  tribes  require  that  one  shall  also  prove  himself  an  ex- 
pert thief  or  robber  to  entitle  bim  to  respect  and  consideration.  It  is 
vithin  my  recollection  that  a  very  large  proportion  of  the  Iroquois  men 
did  so  manual  labor  whataoever,  because  as  they  argued  it  was  menial 
md  beneath  their  dignity.  It  is  only  qnite  recently  that  agricultural 
work  by  men  has  become  general  among  this  people,  and  not  yet  are 
women  driven  altogether  from  the  field. 

"It  was  an  Iroquois  custitm  to  use  captives  to  assist  their  women  in 
ttie  labors  of  the  tield,  in  carrying  burdens,  and  in  doing  general  menial 
labor;  bat  when  a  captive  proved  himself  possessed  of  what,  in  their 
lodgment,  constituted  manly  qualities,  then  he  was  fully  adopted  and 
admitted  to  all  the  privileges  of  an  Iroquois. 

"Tou  may  possibly  call  to  mind  that  Brant,  the  elder,  a  great  Iro- 
qnois  warrior,  and  Bed  Jacket,  the  Irotiuois  orator,  were  not  good 
friendB.  One  was  renowned  both  in  war  and  council,  and  bis  voice 
was  ever  for  war;  while  the  other  was  famous  only  in  council;  his 
roice  was  always  for  peace,  and  in  no  sense  was  he  a  warrior.  In  a 
general  council  of  the  magnates  of  the  Six  Nations,  held  at  the  time  of 
Che  Miami  difficulties  in  the  Northwest,  Brant,  in  a  controversy  with 
Bed  Jacket,  in  which,  perhaps,  he  was  being  worsted,  taunted  him 
with  being  a  coward  and  a  squaw,  showing  how  strong  had  been  his 
early  education  respecting  the  qnalities  essential  to  a  representative 
IroquoiB. 

"I  think  you  will  also  find  accounts  in  Colden's  History  of  the  Five 

*  "The  IndiMi  woin«n  porform  all  the  drudgery  «boat  their  houacs;  they  iilaot 
the  com  utd  labor  it  in  every  respect  till  it  is  brought  to  the  table."  nitiory  of  the 
FhtSatUmt,  p.  13!  LondoD,  1717. 

fWomeD  never  plant  com  lunong  uh  as  they  do  among  tbe  Iroqnois:"    Lawaon, 
CaraljiM,  p.  188:  LandoD,  1718.     "  The  wife  mUBt  do  all  tbe  work  in  tbe  honse  and    i 
field:"    LMkiel,  Mi»»imt  in  Jmerica,  p.  60:  London,  1794.     See  also  League  o/>tli^l<^ 
Iroqmot*,  p.  339 :  Rocheater,  1851. 
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MatioQs,  where  tribes  of  IndiaDS  were,  or  bad  been,  subjugated  by  the 
Iroquois,  aad  reduced  to  the  cooditiou  of  women,  and  were  formally 
prohibited  from  engaging  in  any  warlike  enterprises,  and  were  en- 
joined to  spend  their  time  and  eucrgies  in  tilling  the  earth,  and  the 
Iroquois  were  accustomed  to  express  themselves  respecting  socb  sab- 
jagated  tribes  like  this:  'We  have  put  petticoats  upon  them,' which 
meant  that  thereafter  they  were  required  to  do  only  servile  work, 
this  in  my  opinion  was  another  evidence  that  anciently  the  Iroquois 
men  did  not  do  any  agricultural  labor." 

Per  contra,  Charlevoix*  speaks  of  a  tradition  current  among  them,  to 
the  effect  that,  formerly — before  their  arrival  in  New  York — they  were 
almost  exclusively  occupied  in  husbandry,  and  were  bound  to  fumifih  a 
part  of  their  harvest  to  the  Algonquins,  who  in  their  turn  agreed  to 
supply  them  with  a  certain  share  of  the  products  of  the  chase,  and  to 
defend  them  against  all  enemies  whatsoever.  He  adds  that  this  arrange- 
ment was  very  advantageous  to  both  parties,  but  that  in  the  estimation 
of  the  Indians  it  caused  the  Algonquins  to  rank  higher  than  the  Iro- 
quois, for  the  reason  that  among  them  a  successful  hunter  is  on  a  level 
with  a  great  warrior,  and  inferentially  both  take  precedence  of  a  hus- 
bandman. This  however  is  but  tradition,  and  is  given  for  what  it  is 
worth,  though  it  is  proper  to  say  that  Charlevoix  introduces  it  with  tiie 
remark  that  it  is  the  only  part  of  Iroquois  history  that  has  come  down 
to  us  clothed  with  any  appearance  of  probability,  and  that  both  Col- 
dent  and  Morgan}  give  place  to  the  story.  Without  stopping  now  to 
inquire  into  its  truth  or  falsity,  we  may  be  very  sore  that  during  the 
whole  of  the  seventeenth  and  part  of  the  eighteenth  centuries,  the  Iro- 
quois warrior  had  but  little  time  to  devote  to  agriculture.  What  with 
fighting  the  Fi-encb  and  Hurons  on  the  nortb ;  the  Miamis  and  Illinois 
on  the  west;  the  Cberokees,  Catawbas,  and  Sbawnees  on  the  south,  to 
say  nothing  of  his  immediate  neighbors  in  Kew  England  on  the  east, 
it  would  seem  as  if  his  hands  were  so  full  as  to  leave  but  little  time  for 
bunting,  much  less  for  raising  corn;  and  that  under  the  circumstances 

'Charlevoix  Ltttert,  pp.  124,  et»eq.:  London,  1763.  La  Potberie  tells  the  udn 
atory,  bnt  gives  it  b«  a  fact.  See  Bittorie  ie  VAmeTiqat,  vol.  i,  pp.  188,  «t  teq.:  Patit, 
1753.  The  same  author,  vol.  iii,  p.  18,  asaerte  that  the  men  did  clear  the  groiuid, 
fence  Id  the  fields,  aad  prepare  the  bunubea  of  com  for  dryiag.  He  also  add*  tbit 
when  hneband  and  wife  aie  much  attached  to  each  other,  they  do  not  separate  tlicit 
work,  though  ordinarily  they  do  aol  concern  ttaemselvea  about  each  other's  datif*. 
Lafitau,  vol.  U,  p.  78,  saya  that  the  men  braided  the  corn  into  bunchee,  and  adds  Ihit 
it  is  the  oDly  occasion  on  which  the  women  call  on  the  men  for  help. 

t"The  Adirondacka  -  -  -  employed  themaelves  wholly  in  bnntiag,  and  Um 
Five  Nations  made  planting  of  oora  their  buHineas.  By  this  means  they  beoaoM  useAd 
to  each  other  by  exchanging  com  for  venison.  Tlie  Adiiondacks,  however,  valoid 
themselves  aa  delighting  in  a  more  manly  employment,  and  deapisiug  the  Five  NaboM 
in  following  basiness  which  they  thought  only  fit  for  women."  BUtory  9f  llit  fif 
Tiationt,  p.  22  z  London,  1747. 

t  "Tradition  informH  us  that,  prior  to  the  occnpation  of  New  Yorii,  they  re«i<l«<l 
in  the  vicinity  of  Hontreal,  upon  the  northern  Itaub  of  the  St.  Lawrence,  vim 
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'the  plautatioD  work,"  as  the  old  €hroDi<;Ier  has  it,  muBt  have  beeo 
■'left  to  the  vomen  and  slaves"  as  a  matter  of  necessity.* 

might  have  been  expected  in  a  i>eople  who  had  developed  auch 
capacity  for  the  managenieut  of  military  and  political  affairs,  we  find 
that  the  ideas  of  property  had  taken  definite  shape,  and  that  the  rights 
»f  individaals  were  dnly  respected.  lu  fact,  some  of  their  regulations, 
notably  those  in  relation  to  the  property  of  married  women,t  might  be 
copied  with  advantage  in  some  of  the  States  of  our  favored  Rei>ubUc. 
I  In  regard  to  the  tenure  of  land,  we  are  told  that  no  individual  could 
obtain  an  absolute  title,  "but  he  could  reduce  unoccupied  lands  to  cid- 
dration  to  any  estent  be  pleased ;  and  so  long  as  he  continued  to  use 
them,  his  right  to  their  enjoyment  was  protected  and  secured.  De  conld 
also  sell  his  improvements  or  bequeath  them  to  bis  wife  and  children.| 

Taming  now  to  the  tribes  of  the  Algonquin  family,  and  beginning 
with  those  that  lived  south  of  the  St.  Lawrence  and  east  of  the  Hudson, 
ve  can  not  bnt  be  struck  with  the  similarity  of  their  condition  to  that 
irbich,  as  we  have  seen,  existed  amoug  the  Hurons.  Champlain,§  who 
Tiitited  this  coast  in  the  early  part  of  the  seventeenth  century,  found 
corn  in  cultivation  from  the  "  Kinuebequy"  to  Cai)e  Mallebarre,  near 
the  souUieastern  extremity  of  Cape  Cod.  At  Chacouet  (Saco)  he  saff 
the  natives  cultivating  the  ground,  "which  was  a  thing  he  had  not 
8«eD  before,  using  for  that  purjioBe  smalt  implements  of  hard  wood  made 
like  a  spade."  In  the  neighborhowl  of  Cape  Mallebarre  they  are  said 
to  have  been  very  iudustiious  ("fort  amateurs  du  labonrago")  and  to 
have  provided  a  supply  of  corn  for  winter  use,  which  they  stored  in 
caches.!!     They  lived  in  stockaded  forts,^  and  made  slaves  of  their  prig- 

the;  lived  in  sabjection  to  tbe  Adironducka,  a  branch  of  the  Algonquin  race." 
Iragneof  tke  Iroqaoit,^.5:  Kocbaater,  1K51.  Compare  this  with  tbe  fnUowing  state- 
tnent  of  Father  Le  JeDne  in  relnlion  de  (a  youvetle  France  ea  I'anni^e,  1636,  p.  46:  ''Lea 
aanvagea  m'ont  monstri^  qnelqnes  ondroita  oil  lira  Iliroquois  ont  autrefois  onltiv^  la 

'Lawson,  CuroIiMii,  p.  188:  London,  1718. 

l"Tbe  rights  of  property,  of  both  husband  and  wife,  were  continned  distinot 
daring  tbe  exiatence  of  the  mnrriage  relation,  tlie  nifo  holding  and  controlling  her 
ova  tiie  Bame  aa  her  hnsband,  and  in  caae  of  aeparatioa  taking  it  with  her.  .  -  . 
If  the  wife  either  before  or  after  marriage  Inherited  orchards,  or  plauting  lota,  or 
rednced  laiid  t«  cultivation,  nhe  could  iliapoae  of  theni  at  her  pleasure,  and  in  cose  of 
her  death,  they  were  inhoritt'd,  togetber  with  her  other  otTei'tii,  by  her  childreD." 
Uorgan,  League  of  ike  Jragaoii.  p.  326;  Kochenter,  IWil.  Schoolcraft,  Xoln  on  the 
IroquoU,  p.  88,  New  York,  1R16.     Ij»  Pothcrie,  vol.  in, pp.  33,  c(  wg.,  I'aris,  1753. 

1  League  of  the  IroqnoU,  p.  3116,  Rochester,  1851. 

♦  Poyaget  de  Cbamplaio,  chaptera  iv,  v.  vi,  and  vii,  Paria,  1632.  Compare  Lescar- 
bot,  NoHvdIe  France,  pp.  777-834-836,  Paris,  1712,  Alao,  Selation  de  la  Nourelle 
France  en  I'aun^c,  1611-1613,  Quebec,  IS.'iH. 

I  Firnagef  de  Champluin,  p.  90,  Paria,  1632. 

f  Do  Laet  in  New   York  JIM.  Coll.,  Hrst  series,  vol.  i,  p.  307.     Cbamplain,  p.  74: 
Paris,  1632.    Lescarbot,  book  v,  p.  632,  Paris,  1712.    Williams,  Key  to  Iho  Indian 
Langnage,  iD  vol.  i,  Rhode  Inland  Hiit.  Coll.,  p.  92.     Vincent,  Peq not  War  in  Mtuta'   I 
diu*elit  Bill.   Coll.,  vol.  vi  of  third  secies,  p.  39.      Purobos,  J^IjHmf,  vor"lV,^'^ 
18U,  LoDdoD,  1626. 
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oners,  espet'ially  of  the  voineti  anU  children,*  as  van  tbe  cuBtotn  aiDong 
other  tribes  belougiug  to  this  family.t  lu  1614  Capt.  Smith  explored 
this  coast,  aud  makes  meutiOD  of  "the  gardens  and  iMirnflelds  whidi 
lie  sair  planted  on  those  sandy  cliffs  and  cliffs  of  rocks."}  He  also  bears 
witness  to  the  quantities  of  corn  grown  in  that,  region  when  he  ander- 
takes  for  a  few  trifles,  "to  have  enough  from  the  salvages  for  three 
hnndred  men"  imtil  the  colony  should  become  8elf-supportiDg.§  B^^j: 
Williams,  A.  d.  1643,  on  the  same  subject  says  "that  the  women  of  tbe 
fiunily  commonly  raise  two  or  three  heaps  of  12, 15,  or  20  bushels  a 
heap,  -  -  ■  aud  if  she  have  the  help  of  her  children  or  friends,  as 
much  more."  He  also  adds,  that  "sometimes  the  man  himself  (either 
oat  of  love  to  bis  wife  or  care  for  his  children,  or  being  an  old  man) 
will  help  the  women,  which,  by  tbe  customs  of  the  coantry,  tbey  an 
not  bound  to.  When  a  field  i  s  to  be  broken  up  they  have  a  very  loving, 
sociable,  speedy  way  to  dispatch  it;  all  the  neighbors,  men  and  women, 
forty,  fifty,  a  hundred,  do  joyne  and  come  in  to  help  freely.  With 
friendly  joyning  they  break  up  their  fields  and  build  their  forts."!! 
Among  themselves  tbey  bartered  their  corn,  skins,  and  veninou,11  aod 
they  also  carried  on  more  or  less  trade  with  other  nations  in  shell  beads** 
(wampum),  and  also  in  pipes,  which  latter  article  is  said  usually  "to 
come  from  the  Mauqoawwop  tt  or  man-eaters,  three  or  four  hundred  miles 
from  DH."  The  right  of  property  was  recognized  in  land,|t  and  their 
fields  Rs  well  as  the  district  within  which  each  man  might  hunt  were 

•  Leacarbot.  NoHVtIU  />nn«.  liook  vi,  pp.  798  and  859,  Paris,  1712. 

tLafltau,  Moeuridea  Saurage»  AMertquaint,  vol.  I,  p.  563,  and  vol.  n,  p.  3fl6,  Paiu, 
1724.  Lawaon,  Carolina,  pp.  19S-S32,  London,  1718.  Marquette  in  Dittorrri  and 
Exptorallon  of  Iht  MinUtippi,  by  Joho  G.  Shea,  p.  32,  New  York,  1853.  CharleToiz, 
SiiUrirt  if«  la  Nonvelle  Francf,  vol.  iv,  pp.  104,  IWi,  and  p.  156,  ■where  the  Ontagamie, 
OS  a  condition  of  peace,  propoae  to  replare  all  the  killed  of  their  enemiea  bf  alavea 
whom  they  are  to  capture  from  distant  natioDs:  Paris,  1744. 

tDescriptionorNew England  ioCo(/«cli<Hu  o/ JfoM.  ifift.  ^acMjr,  toI.vi  of  third 
series,  p.  180. 

f/bitf.,  p.  113. 

IWilliama,  Key,pp.92aiid93.  "Their  food  is  pnlae,  -  -  -  which  is  here  better 
than  elsewhere,  and  more  earefull;  cnltivated,"  Verrezano.  in  N.  Y.  Hitl.  Coll.,  vol. 
1  of  new  neriee,  p.  49.  "Their  food  is  generally  boiled  maize  or  Indian  com,"  Gookin, 
History  of  the  New  England  Indians  in  Coll.  Man.  Hift.  Soe.,  voL  I  of  first  series, 
p.  150.  "Taking  all  his"  (King  Philip's)  "cattle  and  hogs  that  they  conid  find, anil 
also  took  possession  of  Mount  Hope,  which  bad  then  a  thousand  acres  nnder  com." 
Drake,  Indiana  of  Nortk  Jtnerica,  p.  '2f!9,  fifteonth  edition.  "Indians  came  down  to 
Windsor  and  Hartford  withfiftycanocH,  at  onetime,  la<len  with  Indian  coni;"'Itnin- 
buU,  ConnectieHt,  vol.  t,  p.  S8,  Hartford,  17^.  On  Block  Island,  Indians  had  "abeat 
200  acre*  of  cc)m,"  Drake,  Indiani  of  JV'orlft  .4mCT-iea,  p.  116.  Bee  also  Winslow, 
Good  News  fVimi  New  EnRland,  in  Piirchas  /llfrinn,  London,  1625. 

II  Williams,  Key  to  the  Indian  Language,  in  vol.  i  Coll.  £lod«  /alantl  Hi»t.  Soc.,  p. 
133. 

"LaBtan,  Moeuradei  Sauraget  Anierigaaint,  vol.  1,  p.  503,  Paris,  1724. 

I<  Probably  Mohawk.    See  Drake,  Indiani  of  North  .imerica,  p.  221,  fifteenth  edition. 

lllhave  known  them  to  make  bargaine  and  sale  amongst  themselves  for  a  small 
piece  or  qaantity  of  land."    Williams,  Key,  p.  89.  „,  lyOoOQlc 
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deftrly  de&oed.*  They  also  seem  to  liave  arrived  at  tliat  stage  of  derel- 
opment  in  whicb  the  lulvantages  of  a  division  of  labor  are  recognized, 
for  we  are  told  that  "  they  have  some  who  follow  only  making  of  Bowes, 
eome  Arrows,  ifome  Dishes  (and  the  women  make  all  their  earthen  ves- 
»elH);  some  follow  fishing,  some  hunting:  most  on  the  seaside  make 
money,"  i.  e.,  wampum.     "As  many  make  it  as  wilirt 

Among  the  tribes  living  in  southeastern  New  York,  and  along  the 
Hndson,  there  does  not  seem  to  have  been  any  lack  of  com.  Hadson, 
A.  D.  1609,  states  that  in  latitude  42°  18',  near  where  the  town  bearing 
bis  name  now  stands,  he  saw  "  a  house  which  contained  a  great  quan- 
tity of  maize  or  Indian  corn  and  beans  of  last  year's  growth,  and  there 
lay  near  the  boose  for  the  purpose  of  drj'ing  enough  to  load  three  ships, 
besides  what  was  growing  in  the  fields."  i 

The  work  of  tilling  the  ground  was  left  to  the  women,  who  hod  the 
asKistance  of  the  old  men  and  the  children.^  The  warriors  are  said  to 
bave  been  extravagantly  inclined  to  hunting  and  fishing,!!  though  De- 
li&et  tells  us  that  "  tijey  are  very  serviceable,  and  allow  themselves  to 
be  employed  in  many  things  for  quite  a  smallcompeusation.il  They 
lived  in  stockaded  villages,  and  had  forts  or  castles  near  their  corn 
grounds  for  refuge  in  case  of  the  sudden  irruption  of  small  marauding 
jKUties  of  their  enemies."  •■ 

New  Jersey  and  eastern  Peuusylvania  were  inhabited,  in  part,  by 
difierent  bands  of  the  same  tribes  that  held  the  country  adjacent  to  the 
month  of  the  Hudson.  They  occupied  both  banks  of  the  Delaware  or 
"South  "  river,  lived  in  forts,tt  and  raised  corn  and  beans,  which  they 
sold  to  the  Swedish  and  German  settlers-f  f    Later,  about  the  year  1683, 


'"They  have  their  fields  dUtinct:"  LescarlKit  Uvtb  vi.  pp.  77«,836:  Paris,  1712. 
wmiams.  Kef,  p.  141.    Wioslovr,  in  Pnrcbas  Filgrinu,  p.lR69:  Londoo,  1625. 

tWiUiaiuB,  Key,  pp.  128  and  133. 

t Quoted  in  DeLaet,  DeteHptio»  of  A'nc  XtlXerlandt,  p.  300.  "Great  store  of 
Uaizo:"  Jnet,  Journal  of  Hudion'i  Fogage,  p.  323.  "Tfaey  raise  au  abimdanoe  of 
Cora  and  beans,  of  which  we  obtain  whole  cargoes  in  sloops  and  galleys  in  trade:" 
Vauder  Donck,  A>ic  Xtlherlaadt,  p.  209.  "  Their  common  food  -  -  -  ia  pap,  or 
Huaik,  which  -  •  -  is  named  lapaen.  Thin  is  so  common  among  the  Indians  that 
theyseldom  pass  a  day  withont  it,  auless  they  are  on  a  jonrney  or  honting.  We  sel- 
ilom  visit  an  Indian  lodge  at  any  time  of  day,  without  seeing  their  lapaea  preparing, 
iir  iceing  them  eating  the  same.  It  is  the  common  food  of  all  : "  Ibid.,  p.  193.  All 
these  are  published  in  vol.  i,  new  aeries,  of  the  Collrcli<m$  of  the  Keie  Tort:  JlUt. 
Soaetg,  and  the  paging  refers  to  that  volume.  "Indiancom  abundant:"  Doc.  HM. 
<•/  Am  York.  p.  22. 

i  Vander  Donck,  A'ew  yethtrlandu,  in  vol.  i,  new  series.  Hiii.  Coll.  of  New  York,  p.  208. 

I  Ibid.,  p.  209. 

H  DeLaet,  I/etctiption  of  Xtie  XelhtrlaHds,  iu  vol.  i,  new  series,  Coll.  A'.  Y,  SUl. 
S«.,  p.  301,  New  York,  1841. 

"Vander  Donck,  I.  c,  p.  197. 

tt  DeLaet,  I.  c,  p.  303. 

tt  Salm,  Trattl>,  vol.  I,  p.  397 :  London,  1772.  CampaDins,  History  of  Now  Cweed- 
Iwdin  vol.  I,  Coll.ofNeai  York  Si»t.  Soc,  p.  346.  I)e  Vriea  Voyages  in  Vol.  I,  now 
Mries,  of  Coll.  of  Xe<c  York  Hut.  Soc,  p.  25;f.  Uiyiii^eur/CiOOQlc 
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William  Peon  found  the  Delawares  and  Shawnees*  still  occupying  this 
region,  and  it  was  with  tUem  that  be  coaclnded  the  fomoas  treaty  of 
which  it  has  been  said  that  it  is  the  only  one  ever  made  that  was  not 
ratified  by  an  oath,  and  that  it  is  the  only  one  that  was  never  brokeo. 
Speaking  of  their  manner  of  life,  he  says  that  "their  diet  is  maize  or 
Indian  corn,  divers  ways  prepared;  sometimes  roasted  in  the  ashes, 
sometimes  beaten  and  boiled  with  water,  which  they  call  homiDy.''t 
Losktel,  A.  D.  1788,  takes  up  the  story,  and  tells  us  that  com  was  the 
chief  product  of  their  plantations.}  He  altw  says  that  **  the  men  bnnt 
and  fish  and  provide  meat  for  the  household,  keep  their  wives  and  chil- 
dren in  clothing,  build  and  repair  the  bouses  or  huts,  and  make  fences 
around  the  plantations,  occasionally  assisting  in  the  labors  of  the  field 
and  garden.!  ^be  corn  is  stowed  in  caches,  and  they  keep  the  situa- 
tion of  these  caches  secret,  as  if  found  oat  they  would  have  to  supply 
every  needy  neighbor."  This,  he  adds,  "  may  occasion  a  famine,  for 
some  are  so  lazy  that  they  will  not  plant  at  all,  knowing  that  the  more 
industrious  can  not  refuse  to  divide  their  store  with  them."  ||  They 
also  did  more  or  less  barter,  esitecially  in  pi|>es,  the  material  for  which, 
a  red  marble,  is  rare,  and  found  only  on  the  Mississippi.  "A  more 
common  sort  is  made  of  a  kind  of  ruddle  dug  by  the  Indians  living  to 
the  west  of  the  Mississippi,  on  the  Marble  Kiver,  who  sometimes  bring 
it  to  these  countries  for  sale."  H 

At  this  point  it  seems  proper  to  refer  briefly  to  the  fact  noticed  by 
Gen.  Parker,  that  the  Delawares  were,  at  this  time,  a  conquered  tribe, 
and  beld  their  lands  on  sufferance.  In  the  figurative  language  of  the 
Indians,  the  Iroquois  had  put  petticoats  on  them.  Whether  this  was  a 
rhetorical  flourish,  and  merely  meant  that  they  had  been  conquered,  or 
whether  it  was  intended  to  signify  that  the  Delaware  warriors  had  been 
forbidden  to  take  part  in  manly  pursuits,  and  wore  restricted  to  tbe 
occupations  usually  followed  by  the  women,  I  am  not  prepared  to  say. 
That  they  were  forbidden  to  dispose  of  the  land  they  occupied  is  clear 
firom  the  speech  of  Cauassatfigo,  an  Iroquois  sachem,  at  the  treaty  of 
lAucaster,  A.  D.  1744;  '*  but,  on  the  other  hand,  it  is  equally  evident 

*  Harvey,  Biatorg  of  (Ae  Skaienee  Indiatu,  p.  1:  Cinclunati,  I8S5.  This  trilxi*, 
Bald  to  have  been  the  cuatodian  or  keeper  of  tbe  paruhment.  copy  of  the  i^roat  treil; 
of  1682.  Atleaattbey  hadit  iiilT22,  nndahowedit  toGov.  Keith:  /fuf.  of  SIuk- 
iitt»,  )>.  32.  Parkman,  iu  Contptracy  of  Poutiac,  vol.  ii,  p.  229,  eaja:  "TUey  hw) 
parchment  copies  of  treaties  with  Penn." 

I  Penu's  letter  quoted  in  Harvey's  HUtory  of  the  Shaanee  Jndiani,  p.  14 :  Cincin- 
nati, 1855. 

tLoekiol,  Miftiott  of  Ihe  I'nittd  Brethren  among  the  Indiautof  Nartk  Amtriea,  p.  66: 
LoDdoD,  1794. 
^  Ibid.,  p.  59. 

II  Ibid.,  p,  68. 

*>  n>iA.,  p.  51.    Compare  Kalm,  TravtU,  vol.  ii,  p.  42. 

I  conquered  you ;  we  made  women  of  you ;  yon  know  you  an  woiueD,  Mid 
re  sell  land  thun  women."  Colden,  Hiatori)  of  tht  Fivt  Xation*,  vol.  II,  p. 
m,  1767.    H>M  alao  S|>eech  of  John  Hndaon,  the  Cayuga  Chief,  a.  d.,  1^ 
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that  the  Itelaware  warrior  did  iiot  liesitate  to  go  upon  the  warpath 
vhenever  it  suited  his  pleasure  to  do  so.*  Probably  the  true  explana- 
tion of  this  seemiug  iDconsistency  ia  to  be  found  in  the  fact  that  whilst 
the  Delawares,  as  a  tribe,  were  prohibited  from  exercising  any  of  the 
rights  of  an  Independent  people,  yet  the  individual  warrior,  in  the  en- 
joyment of  that  wide  personal  liberty  to  which  every  Indian  east  of  the 
Mississippi  seems  to  have  been  born,  consulted  his  own  convenience  as 
to  when  or  with  whom  ho,  should  fight,  and  when  or  how,  if  at  all,  he 
should  aid  the  women  in  the  work  of  cultivating  the  fields. 

In  Virginia,  among  the  tribes  composing  the  Powhataoic  confederacy 
and  the  adjoining  nations,  com  was  raised  in  great  abundance,  though 
there  were  times  when,  owing  to  improvidence  or  a  failure  of  the  crops, 
the  Indians  saffcrcd  more  or  less  from  want.  Capt.  Smith,  in  the  course 
of  one  of  the  many  expeditions  mailein  order  to  supply  the  starving 
colonists  with  food,  says  that  be  could  have  loaded  a  ship  with  it;t 
and  in  hisletter  to  the  Queen  on  the  occasion  of  the  visit  of  the  "  Lady" 
Pocahontas  to  England,  after  acknowledging  bis  personal  obligations 
to  that  "tender  virgin,"  he  tells  ns  that  for  two  or  three  years  "shoe, 
next  under  God,  was  still  the  instrumenc  to  preserve  this  eolouie  from 
deatbe,  famine,  and  utter  confusion."}  We  are  also  told  that  they  had 
stockaded  forts,§  and  that  their  houses  were  built  in  the  midst  of  their 
fields  or  gardens,  "which  are  small  plots  of  ground,"  ranging  from  20 
to  200  acres.||  Each  household  is  said  "to know  their  own  lands  aud 
gardens,  and  must  live  of  their  own  labors;"^]  and  the  limits  within 

at  a  conferunce  held  si  BnrliiiKtou,  in  Arcbtoologia  Americana,  vol.  ii,  p.  48.  In  thia 
connection,  and  ob  showing  the  Bimiliarity  of  castoms  among  the  Indians,  it  is  of 
interest  to  Doto  that  the  Creeks  claimed  to  have  pnt  petticoats  upon  the  Cherokees, 
and  at  the  treaty  of  Angnatu,  inieply  to  the  statement  of  ttie  Georgians  "that  they 
badboaght  a  certain  piece  of  land  from  the  Cherokees,"  a  Creek  chief  started  to  his 
feet,  "and,  with  an  agitated  and  t«nific  connt«nan<-e,  frowning  mena^ies  and  dia- 
dsiD,  fixed  his  eyea  on  the  Cherokee  chiefs  and  oaked  them  what  riglit  they  had  to 
give  away  their  lands,  calling  them  old  women,  and  saying  that  they  had  long  ago 
obliged  them  to  wear  the  petticoat."  Bartram,  7Var«t>  through  Fhrida,  p.  186: 
Philadelphia,  1791. 

'Reckewelder.  BUIoricai  account  of  Iht  Indian  A'sfJoiM,  including  the  Introduction, 
where  this  subject  is  diacusaed  at  length  friim  the  puiut  of  view  of  the  Delawares. 

iCapt.  Smith,  Xrwt  from  Firyinia,  p.  20  of  the  reprint  by  Charles  Dean,  Esq. : 
Cambridge,  1866. 

tSmith,  yirgimia,  p.  121:  London,  1632.  "It  pleased  God,  after  awhile,  to  send 
these  people  -  -  -  to  relieve  us  with  victuals,  as  Bread,  Corne,  Fish,  and  Flesh 
in  great  plenty,  which  was  the  setting  up  of  onr  feeble  men,  otherwise  we  all  had 
perished.  Also  wn  were  fteqnented  l>y  div<>re  Kings  in  the  Coiintrie,  bringiug  us 
store  of  provision  to  oar  great  comfort."  Master  Geo.  Percy,  in  Porchas  Piigtitt^, 
Toliv,p,l690:  London,  1625. 

tCapt.  Smith,  in  Purchos  i'lf^Hms,  vol.  iv,  pp.  1G93-4 :  London,  1625.  Beverly, 
Virginia,  book  in,  p.  13:  London,  1705.  Ilariut  in  llakluyt,  F'ogafrM,  vol.  iii,  p. 329: 
London,  1810. 

■  Smith,  ill  Pnrcbaa  Pil^nu,  vol.  iv,  p.  1698:  London,  162D. 

mu.,  p.1698. 
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wUtvb  V4M-U  iui|:kt  -  fek.  fo vV.  or  bant 'seem  to  have  been  not  lew 
Atxuntiv^-  «Mifra:3itiL*  A«  tt>  the  put  taken  by  tlie  meu  in  the  field 
«va^  ntj  ^fAitcvTom-  jn  ntx  apmd.  According  to  Oapt.  Soiitb,  who 
']^ -iif II  xxnn  iftiiie  -iDwa::lLi>  putnctkeTomen  plant  and  gather  the  corn,  t 
i^lititt^^t  tdMwltirt  itf  -ipMkkj  m£  lh«  -  King  (Powhatan)  himself  making 
lib-  tivi  flow's  ^w^  >)w«s.  ;im>v».  pot8.  planting,  also  hunting,  and  do- 
H15.  iiai.-»---ni  Vfti -aun  rhtt  wsc"*  H&$*cconnt  of  the  manner  of  making 
I  ••i-tnmiir*  ^  umi  tomewfaiu  ofetN^mT.  and  may  be  interpreted  to  mean 
itai-  :ii:>  MTT  '■'  ~iie  'juM>r  wui»  pM^med  by  the  men.  Be  this  as  it 
wj,!,  B.«i-*>r.  "STirt-  1— rwr*  an  Bore  explicit.  Hariot  and  Beverly 
.t'tyi-'tt  %-\jn  »- •aid  ti<  at  :htt  3apf.>Iy  of  com ;  and  the  former  asserts 
*'-.r»'-.,  tifi  t:^  u.^Tfr'>'r  impLvatioo.  that  the  men  did  tabs  part  in 
■^  >:.•»  »>  s..  r^t-y  iLr*'  £"'U  rD->c*  or  less,  trade  among  themselves, 
v(  ■.....■,v~^  mw'i'u.  'tinT  :b  ajs.  tbeir  -conntrie  corneTor  copper, 
<«»»^^  >'<  -^ttt'i  I'^r-.:  :5UivtHn(  BUT  alao  be  confidently  said  to  have 
'i.^tu  -.-«  c^  ttriti:  :i>r.  uriiiNi^  iIm^  evidence  on  this  point  is  not  ftB 
H.-  .-■.  •m-  «$-  i  ~av^nt  V.  vvc  ch«  £trl  is  plainly  dedacible  from  the 
-.^.^vt  .iti.'i  ivii  -'iiv>  -tuwtt  war.  QvX  for  lands  or  goods,  bat  for  vomen 
-.vi  .-  .ttiu  ■*-!vui  Mf  7iir;  ni'C  to  death,'"  bat  kept  as  captives,  in 
>*..!. I    ..jv.*-:;    ti','  xvi**  ti.ici.' -t"  do  service.'"!! 

"K  '   ut  >: -.10 -tvt«    i<  iii  X''  auumberof  tribes  belonging  to  differ- 
....   ■  v""*'*    ft.i-.iKJs  iwuifi  with  but  little  or  no  diffierence  in  their 

.„ ^i^  tit.i  ,  <iM»'iiti4>     Vhw  Tuscaroras,  a  Huron  tribe,  occupied  the 

,i„..^-k  t«.i.«%...  ■--»■.  ho  Chowau  River  and  its  tributaries,  in  the  west- 
, ...  h...  .  N.."i  i.'-.uvhiii*.  untU  abont  the  year  1713-15,  when,  oTiog 
u'  <i>.t  .i<.t-.ti  C>>  I  he  whites,  and  the  destruction  of  their  fort,  they 
Itsi  '«■  '>\>  'i.-uli.  wild  took  refdge  among  the  Iroquois,  formingtbe 
^.v.;i  '..t  '.H  11  (t>.n  wutV-deracy.tl  In  tlie  western  part  of  South  Caro- 
!ii.,»  'l^^^l  <  iio  ^'tUtt^bas,  who  are  chiefly  known  on  account  of  the  long 


t'uu'hut.'  ISIgrimt,  vol.  IV,  p.  1703. 

..ij  «>iuiQ(Mli ties''  (<'oni,  beana,  peoze,  etc.)  "far  victiul  He  Kt 
lu  liivuuils  B}>art  »nd  Bevemlly  liy  themsolvM,  but  for  the  moil 
w  Oays  before  thi-y  aowe  i>r  set,  tbe  men  with  wooden  in- 
torui  of  mattockB,  or  boos  with  loug  handles;  tbe  women 
H.  bii-nuso  they  use  them  Hitting,  of  a  font  long,  and  aboat 
Illy  break  tbe  upper  part  of  the  ground  to  nuM  op  the 
Iw  iif  onru-atalks  with  tbeir  roots."  Hariot  in  HaUnyt, 
(lUduD,  1810.  "  Indian  com  was  the  staff  of  Food  upon 
IT  <l«]iend.  -  -  -  It  wae  tbe  l^iniliea  dependaocc,  uid 
I  and  ehildren."  BeTeriy,  Virginia,  part  ii,  p.  39:  London, 
llii>y  iMNiHt  in  tbeir  aongH  "that  their  come  being  doit 
iiui>tit;li  for  their  women  and  children ;  and  bave  DotMng 
,  and  Heek  oiit  new  ad  vent  urea."  Ibid,  part  iii,  p.  13. 
I  ItlffriiHt.  vol.  IV,  p.  ITOl ;  London,  1625. 
IH>.  ''The  werowauce,  women  and  children,  liecame  hit 
•It'^"  /Wrf..  p.  1704. 
,v»l..l,p.80,el.,,.  ,„„„,,,,G00^IC 
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and  relentless  war  which  they  waged  against  the  Iroquois.  They  were 
extensively  engaged  iu  growing  corn,  aa  Adair  speaks  of  one  ot  their 
old  fields  that  was  7  miles  in  extent,  and  argues  that  the  tribe  most 
have  been  very  populous  to  caltivate  so  much  land  with  their  dull  stone 
axes.*  In  the  int«rior,  and  along  the  coast  of  these  two  States,  there 
dwelt  a  number  of  small  tribes,  whose  names  have  scarcely  come  down 
to  ns.  In  1700-'01  Lawsou  travelled  through  this  region,  and  much  that 
we  know  of  the  people  who  then  lived  here  is  derived  from  his  narra- 
tive. From  it,  we  learn  that  they  cultivated  many  kinds  of  pulse,  part 
of  which  they  ate  green  in  summer,  keeping  great  quantities  for  their 
winter  supply.t  This  they  stored  in  cribs  or  granaries,  which  were 
sometimes  bnUt  on  8  feet  or  posts,  about  7  feet  high,  weH  danbed 
within  aud  without  with  loam.}  The  young  men  worked  the  fields,  as 
did  the  slaves,  who,  we  are  told,  were  not  overworked.^  The  women 
never  planted  com  as  they  did  among  the  Iroquois.  ||  There  were  no 
feuces  to  divide  the  fields,  but  "  every  man  knew  his  own  j  and  it  scarce 
ever  happens  that  they  rob  one  another  of  so  much  as  an  ear  of  corn, 
which  if  anyone  is  found  to  do,  he  is  sentenced  by  the  elders  to  work 
and  plant  for  him  that  was  robbed  till  he  is  recompensed  foe  all  the 
damage  he  has  suffered  iu  his  cornfield;  and  this  is  punc6ually  per- 
fonued,  and  the  thief  held  in  disgrace  that  steals  from  any  of  his  couu- 
tTy-folh8.''1I  In  the  ease  of  a  woman  without  a  husband,  and  with  a 
great  many  children  to  maintain,  the  young  men  were  obliged  to  plant 
and  reap  and  do  everything  that  she  was  not  capable  of  doing  herself. 
They  do  not  allow  any  one  to  be  idle,  but  all  must  employ  themselves 
In  some  work  or  other.fl  They  bartered  pipes,  wooden  bowls,  aud  ladles 
with  n«ghboring  tribes  for  raw  skins."  We  are  also  told  that  the 
poorer  sort  of  white  planters  often  got  them  to  plant,  by  hiring  them 
for  that  season,  or  for  so  much  work. ft 

Of  the  tribes  that  inhabited  Florida,  including  under  that  title 
Georgia,  Tennessee,  Arkansas,  and  all  the  Oulf  States  except  Texas, 
onr  accounts  are  very  full  and  explicit.  From  the  time  of  De  Soto, 
A.  D.  1539,  and  even  earlier,tt  com  waa  grown  everywhere  in  great  - 
abundance.  Indeed,  bat  for  the  quantities  seized  by  that  adventurer 
daring  the  three  or  four  years  he  passed  in  rambling,  to  aud  fro,  over 
the  vast  region  traversed  by  him  on  both  sides  of  the  Mississippi,  he 


•Adair,  Siitoiy  of  the  A-nttriean  IndiaHt,  p.  225:  London,  1775, 
tLnwsoD,  Carolina,  p.  207:  Loudon,  1718. 
t/*W.,pp.  ITftodlTI. 
*md.,  pp.  179,232,198. 
llbid,,  p.  188. 
1I/W<I.,p.  179. 
"/Wd.,pp.  58,  17fi,  206. 
Ulbid.,  p.  86. 

llCabeoft  da  Vocft,  in  Backlnghatn   Sraitb'a  translation,  pp.  41-47:    N«m  York, 
18T1.    HeTTMa,  fliftory  o/Jmn-icii,  vol.  VI,  pp.  30,  31:  London,  1740. 

L:,a,i...,.,;vG00J^Ic 


526  THE  MOUNDS  OP  THE  MISSISSIPPI  VALLEY. 

coald  not  have  subsisted  his  horde  of  rathleas  followers,  vith  their  at- 
tendant trains  of  captives  and  domestic  animals.*  La  Vega,  Biedma, 
and  above  all  the  Knigbt  of  Elvas,  bear  witness  to  tbis  fact  on  almost 
every  page  of  tbeir  narratives.t  We  are  also  told  that,  on  both  sides 
of  the  river,  the  natives  lived  in  walled  towns^  and  that  they  gathered 
every  man  his  own  cn>p,§  which  they  stored  in  barbacoasH  or  graaaries, 
made  somewhat  like  those  in  Carolina. 

Passing  over  an  interval  of  a  hundred  and  fifty  or  two  hundred 
years,  and  coming  down  to  the  eighteenth  centuFy,  we  find  the  condi- 
tion of  afl'airs  in  all  that  region  practically  unchanged.  The  same 
tribes,  with  scarcely  an  exception,  that  held  the  conntry  east  of  the 
Mississippi  in  the  time  of  De  Soto  still  possessed  it,  and  lived  sabstan- 
tially  within  the  same  boundaries  as  they  did  when  first  visited.  In 
the  meantime,  the  Mississippi  had  been  explored  from  the  Falls  of  SL 
Anthony  to  its  month,  the  French  and  English  had  poshed  tbeir  trad- 
ing posts  everywhere  thronghont  the  valley,  and  were  contending  for 
the  possession  of  all  that  vast  domain;  but  the  Indians,  save  when 
brought  into  immediate  contact  with  the  whites,  still  pursued  the  even 
tenor  of  their  way,  and  bunted  and  fought,  danced  and  worshiped,  mnch 
as  tbeir  ancestors  had  done  some  two  hundred  years  before.  They  bailt 
their  houses  and  fortified  their  villages  in  much  the  same  manner,^  and 
cultivated  their  fields  and  gardens  with  the  same  rude  and  aDsatisEw- 

*  "Wfl  landed  six  bnndred  and  twenty  men  aod  two  hundred  and  tw«nt;-tlint 
horses."  Narrative  of  Biedma,  in  HUt.  Coll.  of  LouMana,  part  ii,  p.  97.  Thi*  ii 
tbe  smallest  nnmber  given  by  either  one  of  tbn  cbroniclers  of  this  eqieditioD,  and  it 
is  accepted  for  this  reason.  It  will  be  seen  tbat  no  mention  la  made  of  tbe  drove  of 
hogs,  tboagb  it  must  have  been  large,  as  we  are  told,  I.  c,  p.  101,  that  in  tbf  il- 
taek  made  by  the  Indiana  on  tbe  Spaniardi)  when  in  winter  quarters  at  Cblcat^ 
they  destroyed  "three  hundred  bogs."  besidee  fifty-seven  borses.  The  GentictniD 
of  Elvns  aaya  "  fiftj  horses  and  four  hundred  hnjis." 

t  "  In  the  barns  and  in  the  fields  great  store  of  maize.  -  -  -  Many  sown  fiebb 
which  reached  from  one  (town)  to  tbe  otber,"  p,  102.  "  In  tbe  town  was  great  ston 
of  old  maize,  and  great  qnantities  of  new  in  the  fields,"  p.  172.  -  -  •  "TheniMM 
that  was  in  the  other  town  was  brought  hither;  and  in  all  it  was  esteemed  U  betii 
thousand  Imnttgf  ot  bashels,"  p.  203.  -  -  -  "As  soon  as  they  cam*  to  C^,  Ui< 
goTemor  oonunanded  theui  to  gather  all  the  maize  that  was  ripe  in  the  fields,  «Ud> 
wassnfllcient  for  three  mouths,"  p.  130:  Narrative  of  the  expedition  of  Hernando  de 
Soto,  by  a  GentJoman  of  Elvas,  in  Hial.  Coll.  of  XouwiaHn,  part  u.  "  De  Soto  did 
not  kill  any  of  his  hogs,  because  they  found  plenty  of  provisions:"  Herrera,  vol.  >'. 
p.  312:  London,  1740.  "Caciquess"  of  Cofachtqui  "bad  2,000  bushels  of  maiieU 
one  of  her  towns:"  Ibid.,  p.  317. 

t  Gentleman  of  Elvas  and  Biedma,  in  Hitl.  Coll.  of  Louitiana,  part  U,  pp.  103,  W- 
160,  IT2:  Philadelphia,  1850.  OarcilassodelaVega,  secondepartie.pp.  1(^^:  Pvih 
1709. 

i  A  brief  note,  -  -  -  taken  out  of  the  llth  chapter  of  the  Dttnotery  of  Hi 
Inland  of  Florida  on  the  backside  of  Virginia,  begun  by  Fernando  de  Soto,  a.  D.  BW. 
in  Muss.  Hist.  Coll.,  Vol.  viil,  third  series,  p.  115. 

II  Gentleman  of  Elvns,  I.  t.,  p.  137. 

^DaPtaU,  HMori)  of  Louinana,\oi.  II,  p.  251 :  London,  1763.  Domont, UHMlr 
in  Hist.  Coll.  of  Louisiana,  part  v,  p.  108:  New  York,  1853. 
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tory  impleraents.  *  lu  all  this  they  did  not  differ  from  their  neighbors 
to  the  fTorth;  in  fact,  so  similar  were  their  forms  of  goventmeot,  their 
customs,  and  their  religions  beliefs,  that,  mutatU  mutandii,  the  accounts 
pven  of  the  Hnrons  and  Algonqnins  might,  with  but  little  change,  be 
applied  to  the  tribes  living  south  of  the  Ohio.!  In  one  or  two  particu- 
lars, however,  there  seems  to  have  betn  some  improvement,  notably  in 
their  organized  system  of  relief  for  the  poor  and  needy,  which  seems 
to  have  exl8t«d  from  the  earliest  |>eriod,  {  and  in  the  provision,  made  at 
harvest  time  for  the  exercise  of  tribal  hospitality,  and  for  defraying, 
irhtft  may  be  jnstly  termed,  pablic  expenditures.^  In  their  method, 
too,  of  preventing,  or  rather,  punishing  laziness,  which  they  did  by 
ftne,||  they  showed  an  advance  in  social  science  that  is  worthy  of  all 
commendation.  Among  them  com  was  the  staple  article  of  food,D  and 
was  cultivated  in  great  quantities,  their  fields  not  un&eqnently  being 
measured  by  mileii  instead  of  by  imtct.**  The  work  was  done  in  com- 
mon, though  the  fields  were  divided  by  proper  marks,  and  the  harvest 
was  gathered  by  each  family  separately.tt    The  men  are  said  to  have 


•  8et,  anie,  foot-note  t,  oq  puso  509. 

II.afitau,  MoniTf  it*  Saaraget  Attteriquain;  vol.  i,  p.  530:  Paris,  1724. 

("Caciiiuotw  of  CofBchiqui  hod  two  Htorehuuses  for  the  relief  of  the  needj:" 
Herrcra,  vol.  v,  p.  316:  London,  1T40.  Timberlake,  who  visited  tiie  Cherokees, 
A.  p.  ITKl,  knilncciiinpaniedii  delegation  of  them  to  England,  deacribes  their  method 
of  relieving  tbe  poor,  which  reaemblea,  io  Rome  respects,  the  "  begging  dance"  of 
the  Indiani  of  the  Plaiun:  Mmurir*.  p.  6H:  Loodon,  1765. 

f  "PreTiona  to  their  currjing  off  their  crops  from  tbe  Held,  there  is  a  lai^  crib 
or  granary,  erected  in  the  plantation,  which  is  called  the  King's  crib;  and  to  this 
each  family  carries  and  dcposito  a  certain  quantity,  according  to  his  ability  or  In- 
cUuatioD,  or  noue  at  all  if  he  so  chooses ;  this  in  apearanoe  seems  a  tribute  or  reve- 
Due  tc  the  mioo,  but  in  fact  is  deMigned  for  anntbei  purpose,  j.  t.,  that  of  a  pnblie 
tn<asury,  supplied  by  a  few  and  voluntary  contributions,  and  te  which  every  citi- 
len  has  the  right  of  a  free  and  eqnal  occeso,  when  bis  own  private  stores  are  con- 
sumed, te  serve  aa  a  surplus  to  fly  to  for  succor,  to  assist  neighboring  towns,  whose 
crops  may  have  failed,  accommodate  Btrangl^rs  ortravelrrs,  atTord  provisions  or  sup- 
plies when  they  go  forth  on  hostile  expeditions,  and  for  all  other  exigencies  of  the 
State:"  Bartram,  Trartli  tkTOHg\  Florida,  p.  512:  Loudon,  1791.  The  Uuron-Iro- 
qnois  alAo  bad  a  public  treasury,  which  contained  wam])um,  Indian  corn,  slaves, 
fresh  and  dried  meat,  and,  in  fact,  anything  else  that  might  serve  to  defray  tbe 
pablic  expenses.     See  Lafituu,  vol.  i,  p.  508,  and  vol.  ii,  p.  273. 

I  "The  delinqneni  is  assessed  more  or  less,  according  to  bis  Deglect,  by  proper 
offlcers  appointed  to  collect  those  aseessmeuts,  which  they  strictly  fnllill  without 
tbe  least  interruption  or  exemption  of  any  able  person :"  Adair,  Biiloty  of  AmeriiKtn 
JudiflKt,  p.  430:  London,  1763.     C'ompare  Lawson,  Caroli»a,  p.  179:  London,  1718. 

f  "Chief  produce  and  main  dopendeDCo;"  Adair,  p.  4(n.  "Principal  subsistence :" 
Dn  Pratz,  HUtors  of  LouUiana,  vol.  ii,  p.  239 :  London,  1763,  "  Common  food  of 
tbe  Creeks  is  Indian  com : "  Schoolcraft,  Indian  7Hbf»,  vol.  v,  p.  264.  "  They  sow 
tlwir  maize  twice  a  year:"     Laiidonnli'Te,  in  Siil.  Coll.  of  Louitiana,  part  p.  171. 

"Adair,  pp.  225,  353,  411:  London.  1763.  Bartram,  TraveU  through  Florida,  pp. 
S4.3S2,  350,  352,  354:  Philadelphia,  1791.  Narrative  of  Joutel,  in  Margry,  vol.  m 
JI.462:  Paris. 

it  Bartram,  p.  512.     Adair,  p.  430.     Komaas,  Eiut  and  ITett  Florida,  p.  87. 
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aided  ia  the  field-vork.  Indeed,  so  general  was  tbia  cuBtoin,  that  I  do 
uot  kuow  of  a  aiDgle  promiuent  tribe  living  east  of  tlie  Missisniippi  and 
witbiQ  the  limits  named,  in  which  this  can  not  be  ehowu  to  have  been 
the  case*  Tlie  Ohoctaws,  as  we  have  seen,  were  a  nation  of  farmers, 
and  helped  their  wives  in  the  labors  of  the  field  and  in  many  other 
kinds  of  work;t  the  Afn^cogeeK  rarely  went  to  war  nntil  tbey  had 
helped  the  women  to  plant  a  sufficient  plenty  of  provisions,^  and  Haw- 
kins t«lls  us  that  to  constitute  n  legal  marriage  among  them,  a  naa 
must,  among  other  things,  "  build  a  house,  make  his  crop,  and  gather 
it  in,  tben  make  bis  hunt,  and  bring  home  the  meat;"  and  that  nhen 
all  this  was  put  in  possession  of  the  wife,  the  ceremony  was  ended,  or 
as  the  Indians  express  it  "the  woman  was  bouqd,  and  not  till  then,"; 
Among  the  Natchez  and  kindred  tribes,  the  men  not  only  cleared 
the  fields  and  worked  the  crops,||  bat  in  one  field,  that  in  which  was 
raised  the  com  destined  for  use  in  the  feast  of  the  "Busk"  or  First 
Fruita,  the  ground  was  prepared  and  cultivated  by  the  warriors  alune, 
and  the  women  were  not  allowed  to  take  any  part  in  the  work  at  any 
stage.^l  Slavery  was  common  among  all  these  nations  from  the  earlies 
times,  as  it  was  also  among  tribes  belonging  to  the  Huron  and  Algon- 
quin fomilies  of  the  Korth,  that  being  the  usual  lot  of  the  captives, 
especially  of  the  women  and  children.  In  the  time  of  De  Soto  we  are 
told  that  some  of  these  tribes  had  many  "foreign  Indian  slaves, 
taken  in  war,  whom  they  put  to  tilling  the  ground  and  other  sorts  of 
labor;  and  that  tfaey  might  not  run  away,  they  used  to  cut  tbeir  heels, 
or  some  sinews  in  their  legs,  so  that  tbey  were  all  lame."""  At  a  later 
time,  the  custom  of  enslaving  captives  still  existed,  tt  though  I  do  not 
find  that  they  were  mutilated  in  order  to  prevent  their  escape.  It  is 
quite  probable  however  that  this  was  still  sometimes  done,  as  Lawson 

-  Laudoiioi«T«,  t.  c,  p.  174.  Bartram,  pp.  194,  226,  6i2.  Adair,  pp.  407-4SO. 
Romans,  p.  8G.  Memoir  of  Tonti,  in  HUt.  Coll.  of  lAmiMama,  vol.  i,  p.  63  Le 
Moyne,  plate  xii:  Finaktort  ad  Maenmn,  1591. 

t  Bernard  KomauB,  Etut  and  Wttt  Florida,  pp.  71,  83,  86 :  London. 

t  Adair,  HUtorg  of  AinrricaH  Indiana,  p. 255:  London,  1775. 

$  Sketch  of  the  Creek  Country,  in  Colleclionii  Georgia  Bi»t.  Soe.,  p.  42.  Scbool- 
craft,  Indian  Tribet  of  tie  Vnitrd  Statat,  vol.  v.,  p.  267. 

|Dd  Ptatz,  iful,  of  Loaiilana,  vol.  II,  pp.  168-189:  l^indon,  1763.  Among  tin 
Tonicas  on  west  side  uf  the  Hiaaissippi,  "  the  men  do  what  peasants  do  in  France; 
they  cnlttvaM  and  dig  the  earth,  plant  and  harvest  the  crops,  cnt  the  wood  and 
bring  it  to  the  nabin,"  etc.  Father  Grnvier,  iu  Shea's  £ar($  Foyo^e*,  p.  134:  AlbsDf, 
1881.    Compare  St.  Oosnie  in  same,  p.  81. 

f  Dn  Pratz,  vol.  ii,  p.  189. 

"Ueirera,  HUtorn  of  Anerioa,  vol.v,  p. 320:  London,  1740. 

tIM.  Penicaut,  in  Hiit.CoU.of  LoHfaiasa,  new  series,  pp.  123,124:  New  fork,  180. 
Brintou,  Ftoridian  Fcniiitnla,  p.  141:  Philadelphia,  1859.  Bartram,  Tranhtkmfk 
FtoridOf  pp.  186, 213, 507.  Narrative  of  La  Salte's  voyage  down  the  Hisniasippi  Ij 
Father  Membri^,  in  Discovery  and  Eiploration  of  Iht  ^iintiippi,  p.  171 :  New  YoA 
1852.  Dn  Pratz.  Louitiana,  to),  ii,  p.  249.  Schoolcraft,  India*  THbf,  vol.  v.  p.  20). 
Timberlake,  Memorite  relating  to  the  Cherokee*,  p.  90;  London,  1766.  Henwa,  vol. 
vi,p,260:  London,  1740. 


THE  M0UKD8  OP  TRB  MISSISSIPPI  VALLEY.  529 

speaks  of  an  Indiaa  captive  who  bad  been  thiie  treated  by  the  Senecaa, 
bat  who  had  nevertheless  managed  to  escape  and  find  his  vay  back 
to  North  Carolina  in  that  crippled  condition.*  These  nations  excelled 
in  manufactures,  such  an  pipes,  pottery,  and  wiokerworkft  and  seem 
stlways  to  have  had  more  or  less  traffic  among  themselves.}  Indeed, 
Herrera  speaks  of  "merchants  that  travelled  up  the  country,"  and  the 
experience  of  Cabe^a  de  Yaca  among  the  Indians  of  Texas,  as  a  dealer 
in  9int  and  other  articles,  which  he  brought  from  the  interior  and  bar- 
tered with  the  Indians  of  the  coast,  would  seem  to  be  decisive  as  to 
tbe  existence  among  them  of  a  clans  of  pedlers.  § 

Of  the  tribes  that  lived  on  the  west  bank  of  tbe  Mississippi,  onr  ac- 
counts are  not  so  full;  but  from  what  we  do  know  of  them,  it  is  safe  to 
nay  that  in  their  manner  of  life  they  did  not  dilTer  materially  from 
tbetr  neighbors  on  the  other  «ide  of  the  great  river.  In  the  time  of  La 
SaUe,  A.  D.  1682,  they  lived  in  fixed  rillages  {"  sedentaires"),!!  as  they 
had  done  some  hundred  and  fifty  years  before,  when  De  Soto  swept 
through  that  country  like  a  tornado,  and  they  still  cultivated  com  in 
■  great  abundance.^  Peach,  plum,  and  apple  trees  were  found  among 
the  tribes  living  near  the  mouth  of  the  Arkansas;"  and  these  same 
tribes  are  said  to  hare  had  great  quantities  of  domestic  fowls,  including 
flocks  of  turkeys;  H  in  short,  to  have  been  "  half-civilized."  ^(    AsJoutel 


'LawsoD,  Carolina,  p.  53:  I>in<lon,  1718, 

IAdaiT,p.423:  London,  1775.  Dn  Pratz,  LoaUioKa,  hook tv,chap.iii,«ec.5:  Loo- 
don,  IT63. 

IH«iT«r«,  vol.  T,  p.310:  London,  1740.  Landonnifro  in  Haklnyt's  Foj/agt*,  vol. 
Ill,  p.  369:  London,  1810.     Schoolcraft,    Indian  THbet  of  fhe  United  Slatet,  roL  v, 

r.iie2. 

4"With  mj  merchandU«  and  trade  I  went  into  the  interior  as  far  ms  I  plensed, 
aoil  travelled  along  the  coaat  40  or  50  leagiiea.  The  principal  wares  were  cones 
and  other  pieces  of  sea  snail,  conches  used  for  cntting,  au<l  fruit  like  a  bean,  of  the 
hijfbcAt  valne  among  them,  which  thej  nse  as  a  mndicine,  andemploy  in  their  dances 
anil  festivities.  Aninng  other  matters  wi-re  sea  heads.  Such  were  what  I  carried 
ioto  the  interior;  and  in  barter  I  got  and  bronght  back  skins,  ochre,  with  which 
they  rnb  and  color  the  fac,  hard  canes  of  which  to  make  arroivs,  sinews,  cement, 
aud  flint  for  the  heads,  anil  tassels  of  the  hair  of  deer,  that  by  dyeing  they  make  rod. 
This  occupation  suited  me  well;  Cnr  the  travel  allowed  nie  liberty  to  go  where  I 
wished.  I  i*as  not  obliged  to  work,  and  was  not  treated  as  a  slave.  Wherever  1 
went  I  received  fair  treatment,  and  Iho  Indians  gave  mo  to  eat  out  of  regard  to  my 
commodities."  Relation  of  C'abeca  de  Vnca,  trant<late<l  by  Buckingham  Smitb,  pp. 
8S,«I  MJ..-  New  York.  1871. 

I  Memoirs  of  the  Sieur  de  Tonti,  in  Hill.  Coll.  of  lA>aUiaiia,  p.  64. 

UNarratives  of  Fathers  Marqnetto  and  Mombre.  in  Diacoreiy  and  ErploralUm  of 
lite  Mitnitippi,  pp-  48,  169,  177.  Memoir  of  Tonti,  and  Joutel's  Journal,  both  in 
Bitt.  Colt,  of  Louifiana.  part  I,  pp.  63,  6-">,  151.  1.^3,  US,  etc.  The  latter  author  in 
Margry,  vol.  in,  p.  462,  Paris,  tells  us  that  tlic  Kappas  had  a  field  a  league  in  length 
by  1(  In  width. 

"Tonti,  I.  c.p.  61. 

IINairatlve  of  Father  Membrd,  I.  c,  p.  169. 

tilbid.,  p.  172.     '•  Nothing  barbarous  lint  the  name,"     N.wrative  of  Fither  lloufty»  [ 
in  DUeoToy  and  Eiploratian  of  the  .Viniiiippi,  p.  203.  '^  <> 

H.  Mia.  334,  pt.  1 34 
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tella  US  that  there  was  but  little  differeuce  in  the  reli^oo,  msmDoi 
clothinKi  and  bouses  of  the  iiatioDs  inhabiting  this  region,*  it  eeeo^ 
fair  to  coDchide  that  the  others  were  not  behind  the  favored  few  io  i| 
that  contributed  to  the  physical  comfort  and  weU-being  of  a  peoplt 
Their  men  cleared  the  ground,  and  aided  in  the  work  of  the  field»^ 
and  among  the  Tensas,  they  had  ao  far  anticipated  modern  method( 
tliat  in  one  "  clearing,"  called  by  them  "  the  field  of  the  spirit,"  tlH) 
are  said  to  have  worked  to  the  music  of  the  drum.}  The  labor  of  tk 
ftelds  was  done  in  common,  thongh  each  family  had  its  own  partiraii 
plot  of  ground.  \  The  harvest  was  gathered  separately  by  each  fomilj 
and  was  stored  in  magazines,  or  in  large  l)asketH  made  of  caDe,  or  ii 
gourds  as  large  as  half  barrels.  ||  In  other  respects,  too,  indlndua 
rights  seem  to  have  been  respected.^]  Slavery  existed  among  theTenn 
and  other  tribes  who  are  said  to  have  had  the  same  customs.  ••  Tb«] 
had  more  or  less  traffic  with  other  tribe.s,  e.specially  in  bows,  in  Ibi 
manufacture  of  which  the  Caddoes  are  said  to  have  ext-eHed.tt 

Ascending  the  Mississippi,  we  find  among  the  Algonquin  tribeca 
the  Northwest  a  condition  of  affairs  very  similar  to  that  which  has  bea 
described  as  existing  among  their  kindred  and  neighbors  to  t^  eut 
ward.  At  the  date  of  the  arrival  of  the  French,  say  in  the  beginnin! 
of  the  last  quarter  of  the  seventeenth  centnry,  the  Miamis,  Kickapou 
Wiunebagoi'R,  Outagamis  or  Foxes,  and  other  tribes,  were  living  it 
Wisconsin  and  the  northern  part  of  Illinois,}}  whilst  ail  south  of  thili 
extending  as  far  as  the  month  of  the  Ohio,  was  held  by  the  Illinois  and 
their  allies,  among  whom  were  a  few  \-iilages  of  Shawnees.  These  lit 
ter  came  later,  having  established  themselves  here  npoD  the  iovibiliofl 
of  La  Salle.  ^^  tlionuh  the  home  of  their  tribe  is  said  to  have  beeo.  a 
this  time,  some  thiity  days* journey  to  the  east-southeast-,  inwhalii 

•Jooti-I.  Journal,  I.  c  pp.  151.  1.V2.     Tonti.  /.  *■..  pp.  €2,  63. 

tTonti  ami  .limtel.  I.  c.  pp.  63-149.  Kalber  GrtTitr. 
1S4:  Albati.v.  1(«1.  ■Men  .imoiiR  Touirsw  eiuplnyril  » 
CnMnr.  I.  <-.,  p.  81. 

IToiiti.  I.  r.,  p.  62.  Adsir,  I.  c,  p.  407.  dpraking  of  the  Ciwks.  njs  thit  m<w- 
tiniM  wliFii  nl  vcnrk  in  thp  liclils.  -  uae  «f  lli^ir  omtom  rh«n  Ibcm  with  jMt*  u' 
hatnnnitiH  old  talos,  ftnd  siugs  Kevrnil  of  th^ir  ini><:t  a^Tr«a)<le  wild  (ddm.  beituK 
>1m>  Willi  a  xtirk  in  his  Ti0it  hand  no  the  lop  nt  an  parthen  pot  covcrnl  vilb  *  "' 
mhI  wrll-slretcheil  dwT-kiil."  Compan"  also  tjwwHi,  ('anttiaa,  p,  173-  I**''"'' 
171S. 

t.loiitri.  JoHi-iitl.  ;.  f..  p.  14H.     <'h«rl*v«ii.  Xomrrllf  Fr^urr.  vol.  in,  pp.  31' 2!. 

I  Wnnn-r  ..f  111.' Si»i.r  do  T..ii1i.  /.  r..  p.  til,      .Vamilir*  of  F»ther  Mmn|IMtl«.  P-**^ 

vlii  Ihoirrollap'!!  "  llior  liavr  uotliinf;  in  r<>miiH>n  l>ntdrath»fiT«.''    Jootot. p- '"'' 

•■  .Va-Miirr  rtf  KiithrTM.-mhr<<.  pp.  171-lSi*.  In  hi«  Hfmoir.  Tonti.  p.  61,  ^eth^f 
tk«  ■■  maitri'  dTintrl  "  lo  thf  rhicf  of  ihr  Tensas.  (;<■«■  aid*  Jontel.  Jamfl,  t-  '*■ 
UhI  Ijt  Ilar)tr  in  lli't.  i  ni:.  n/  l.-miriawa.  |tin  In.  p.  1^. 

••  riwti.  p.  7S. 

S:  .V«rrarirv  of  Vaiti.r  Mai^inrllo.  pp.  IS-i!. 

ft  Ifnanar of  Tonii.  p.  tii^.     .Yarmriry  of  Faib«r  Mctabn.  I.e.,  p.  16S. 
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ow  known  as  the  State  of  Eentucliy,*  wberetliey  seem  to  have  taken 
elnge  after  their  expulsion  from  the  ivgion  south  of  the  lakes  by  Che 
riquois.!  Among  all  these  oationa  com  was  cultivated  in  quantities, 
nd  was  presen'ed  in  caches.}  The  Held  work  seems  to  have  been  left 
>  the  women  ^  and  slaves.  There  was  also  a  class  of  boys  or  men  who 
'ere  employed  only  in  women's  work,  and  who  did  not  take  part  either 
1  war  or  hunting.  It  is  possible  that  they  were  simply  captives  or 
lav-es,  though  upon  this  point  the  evidence  is  conflicting.  ||     It  is  cer- 

*  Life  of  Father  Maignette,  p.  56,  and  also  p.  41  of  his  Narralivt,  both  iu  Shea's 
Htcorrrg  and  Exploration  of  the  Mitiittippl.  In  tho  nlil  maps,  the  Cnmlietliind  is 
nt  down  »s  the  river  of  the  Chiu>uaaoilB. 

t Golden  (fire  Kattoim,  pp.  23  and  25:  London,  1767)  says  the  Shawneea,  or,  as  ho 
kUs  them,  the  Sktanos,  formerlj  lived  on  the  banks  of  the  laliea,  and  that  they 
rare  the  first  people  against  whom  the  Five  Nations  turned  tbeir  anns,  after  their 
efeat  and  expnlsion  from  the  region  near  Montreal  by  the  Adirondacks.  There  is 
easou  to  believe  that  this  took  plnce  iu  the  latter  part  of  tho  sistoeuth  centnry. 
!"The  soil  is  ({nod,  prndiidng  much  corn,"  p.  14.  -  -  -  "Thoy  live  ■  -  ■  on 
niliaa  com,  of  which  they  always  gather  a  goml  crop,  ho  that  they  have  never  snf- 
ered  by  famine,"  p.  33  of  XarraliTt  of  Harqnetle.  "They  live  on  Indian  com  and 
•tber  fniita  of  the  earth,  which  they  cultivate  on  the  prairies  like  other  Indiani);" 
Narrative  of  Father  Allonez,  p.  76.  "  The  richness  of  their  country  gives  tbem  fields 
irrrywbere:"  Jfarraiiie  nf  Futbcr  Membrri,  p.  151.  All  tlieso  are  published  in  the 
Kfcerery  and  Eiploration  of  the  MittUaippi  by  Jubn  Gilmary  Slieii:  Now  York,  1M2, 
'This  is  n  place  of  great  trade  for  skins  and  Indian  com,  which  these  savnges  sell  to 
ibe  Caiirenrs  de  Boia;"  La  Hnntan.  Vogageti,  p.  10^:  London,  1703.  See  also  Me- 
■flirof  Tontl,  i.  n.,  p.  M. 

iJontel,  p.  187.  Kips,  MUiiam,  p.  36.  Father  Harest,  in  tiotti  to  p.  25  of  Shea's 
Oifdwcry  anil  Exploration  of  the  MietUiippi.  There  is  room  however  for  donbt 
)n  this  point,  as  Charlevoix  {I^ilem,  p.  293:  London,  1763)  speaks  of  the  Illinois  aa 
cnltivKtlng  the  land  after  their  fasbiuD  and  an  being  very  laborious;  and  in  Haw- 
kins' Sketch  of  the  Creek  Country,  p.  34,  we  are  told  that  "  the  Shnwnees,"  some  of 
»liom,  at  that  time,  liveil  among  the  Creeks,  "were  very  indnstrions,  worked  with 
the  women,  and  made  plenty  of  corn." 

I  Father  Hembr<i,  p.  I'll.  Marqnette,  p.  34,  says:  "Through  what  superstition  I 
know  not,  some  Illinois  as  well  as  SDiiie  Nadou^si,  while  yet  young,  assume  the 
female  dress,  and  keep  it  all  their  life.  There  is  some  iiiysti>ry  aboutit,  for  they 
mver  marry,  and  glory  in  debusing  tbeiiisolves  to  do  all  that  is  dune  by  women ;  yet 
they  go  to  war,  though  allowed  to  nse  only  a  club,  and  not  the  how  and  arrow,  tho 
pecnliar  arm  of  the  men ;  they  are  present  nt  all  juggleries  and  solemn  dances  in 
tmnorofthe  calnmft;  tbey  are  permitted  to  sing,  but  not  to  dance;  they  attend  the 
MnnciU,  and  nothing  can  be  deridml  without  their  advice;  finally,  by  the  profes- 
aiuii  of  an  extraordinary  life,  tliey  pass  for  manitous  (that  is,  for  genii)  or  persons 
"rcoDsequeuoe."  Compare  Latitnii,  vol.  i,  pp.  52  and  53,  and  I.awson's  Carolina,  p. 
^'  Father  Hemhri^,  I.  c,  Hennepin,  and  La  Hontnn  tell  us  that  these  men  were 
■^MTved  for  an  unnatural  purpose,  whicb,  according  to  Cbarlevois  (Letters,  p.  213) 
ami  LoDg  (Expedition  to  the  Rocky  Mountains,  vol.  i,  p.  129:  Philadelphia,  1823), 
niiy  have  been  a  religious  rite  or  the  resnlt  of  a  dream.  AVe  arc  told  that  the  cus- 
'"m  existed  among  the  Choctaws,  Dolawares,  and  also  among  the  ludiaus  of  Florida, 
thangh  it  is  denied  byLawson,  as  far  ax  the  tribesof  the  Caroliuas  are  concerned.  It 
i'Uiil  to  prevail  as  a  religious  rite  among  some  of  the  Pueblo  Indians  of  New  Mexico ; 
»)il  Miss  Alice  C.  Fletcher  informs  mo  that  during  her  resilience  among  the  tribi 
Supper  MisHonri  she  saw  one  instance  of  a  man  so  clothed,  and  this  was  ce^  tOi?  [c 
"•ra  dream.  ~      ct 
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tain,  however,  that  slavery  was  very  common  among  them,  that  beins 
the  naual  fate  of  captives  "  taken  from  tlistaiit  natioos  in  the  south  and 
Treat,  where  the  Illinois  go  to  carry  off  slaves,  whom  they  make  an 
article  of  trade,  selling  them  at  a  high  price  to  other  nations  for  goodg."* 
These  tribes  lived  in  villages,  some  of  which  were  very  large,  and  Uipj' 
also  had  forts  or  strongholds  for  defense  in  case  of  necessity,  t 

Passing  over  an  interval  of  sixty  or  seventy  years,  and  coming  dovn 
to  the  middle  of  the  eighteenth  century,  we  find  the  Shawnees  and 
Miamis  again  established  in  Oliio  and  Indiana,  in  company  with  the 
Wyandottes,  Delawares,  Pottawatamies,  and  other  tribes.  .Inst  about 
this  time,  too,  the  white  settlers  began  to  push  their  way  across  tbe 
Alleghany  Mountains  into  the  valley  of  the  Ohio,  aud  this  bronghton 
that  long  and  bloody  struggle  between  the  two  races  which  only  endfd 
with  tbe  expulsion  of  the  Indians  from  all  that  territory,  and  their 
establishment  on  reservations  west  of  the  Mississippi.  Time  andagain 
they  "dug  np  the  hatchet,"  in  order  to  stay  the  tide  of  immigratioa. 
and  though  for  a  while  they  spread  terror  all  along  the  frontier,  yet, 
iu  the  end,  they  were  always  obliged  to  yield  to  the  siiperior  force  aiid 
military  skill  and  discipline  of  the  whites.  After  every  anch  outbreak 
they  found  themselves  weaker  than  before.  In  retaliation  for  the  out 
rages  which  they  nndonbtedly  committed,  their  country  was  invaded4 
their  villages  burned,  their  crops  destroyed,^  and  as  the  price  of  each 
succeeding  peace  they  were  obliged  to  yield  more  or  less  of  the  terri- 
tory that  remained  to  them.    This  is  a  sad  chapter  in  our  national  bis- 


*  A'orraiir*  of  Father  Marqnette,  p.  32,  Mtmoir  of  tho  Sienr  ilo  Tonti,  I.  r.,  j^ 
56-69-71.  "Tb«  Saiikie  warrlom  g«uerally  rmpli>y«d  every  Hiiuimer  in  mskiogin' 
caniona  iuto  tho  tcrritorioH  of  the  IllinoiB  and  Ptvwnee  nations,  trora  whesco  \hfj 
retnm  with  a,  great  Dumber  of  elaves.  But  thone  pcmple  freqnentlj  retaliitti" 
Carver,  TrareU,  \i.  47.  See  also  iftirf.,  ]>p.344  and  345:  London,  1781,  anil  ScIatiH 
de  Irt  SoarrlU  France  fa  I'  annfla,  1670,  jip,  91  and  97 :  Qnebec,  1K8. 

tHelittion  tn  F  ait*it,  1670,  pp.  98,  99.  Carver,  TraveU,  p.  36.  Father  Matml.  u 
note  on  p.  31  of  Discovers  "<"'  Erploralioit  of  ikt  3ftMi««jppt.  Xarratittot  FatlKT 
Alloucx  in  same,  p.  74,  witli  note.  Charlpvoix,  Lttter»,  p.  281 :  London,  1763.  Pit 
coaira,  Father  Memhri^,  ]>.  152,  assert*  that  "Tonti  taught  the  Illinois  hovtail^ 
feud  themaelvea  by  palieades,"  thongh  he  himself  mnheit  no  snch  claim.  The*tito- 
tncnt  is  improbable. 

("Bowman's  ETpedHion  to  Mad  Sirer  in  1779,  Clark's  in  1780 and '82,  Logaii'i ii 
1786  to  the  head  waters  of  the  Big  Miami,  mid  Todd's  in  1788  into  the  Seioto  ViUci. 
were  cbieflj  directed  agnitist  the  Shawanees:"  Drake,  Life  of  Tecmmmk,  p.  2i. 
Besides  these,  there  were  otiier  and  more  formidable  invasions,  some  of  wbicb.  lik* 
that  of  Bt.  Clair,  a.  n.  1791,  resulted  disnetronsly  to  the  whites;  whilst  thOKof 
Wayne,  1T94,  and  Harrison,  1811,  were  among  the  most  sncoessfnl,  inasmoebMin 
them,  not  only  were  the  cornfields  anil  villages  of  the  Indians  destroyed,  bnttbfir 
power  was  bopelcssly  shattered  by  defeat. 

V  In  1780,  200  acres  of  com  were  destroyed  at  Piqoa:  Life  of  Tee*-**  V-^ 
In  1790,  several  villnges  nnd  20,000  bnshels  of  com  destroyed  at  the  Miani  rillm* 
on  tho  head  waters  of  the  Manmee:"  Our  Indian  Wardt,  by  Q«or{[e  W.  Mann*""''' 
Cincinnati,  1880,  In  1791,  "  400  to  500  arres  of  com,  chiefly  in  the  milk,"  dtrtrori 
on  tbe  Wabash :  Bntler,  ernOHCjky,  p.  198:  Lonisville,  1834.  .  '  ,  ,^ 
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toiy,  and  yet  perhaps  more  than  any  other,  it  justifies  the  statemeot 
that  the  Indian  bad  made  great  advance  in  the  scale  of  civilizatioD. 
Instead  of  being  the  vandering  barbarian  that  he  is  painted,  without 
fiied  home,  or  any  means  of  subBistenee  save  that  Aimished  by  the 
chase,  it  presdntB  him  to  us  in  the  light  of  a  successful  farmer — a 
worthy  rival,  in  this  respect,  to  his  whit«  neighbor — fighting  desperately 
■  losing  battle  in  defense  of  all  be  held  most  dear.  Upon  this  point 
Geo.  Wayne  is  certainly  competent  authority.  Writing  fi«m  Grand 
Glaize,  A.  D.  1794,  just  after  the  battle  of  the  Maumee,  and  before  the 
vork  of  destruction  had  been  begun,  he  uses  the  followiug  emphatie 
language:  "On  the  margins  of  these  beautifiil  rivers,  the  Miainis  of  the 
Lake  and  the  An  Glaize,  appear  like  one  continued  village  for  a  num- 
ber of  miles,  both  above  and  below  this  place;  nor  have  1  ever  befbre 
b^eld  Bach  immense  fields  of  corn  in  any  part  of  America  from  Canada 
to  Florida.* 

This  brings  us  around  to  the  point  from  which  we  started,  and  geo- 
graphically speaking,  completes  the  circuit.  In  the  course  of  the  in- 
Testigation,  it  will  be  observed  that  I  have  taken  nothing  for  granted, 
bQt  have  endeavored  to  substantiate  every  assertion  by  a  reference  to 
ondonbted  sources,  retaining  aa  far  as  possible  the  very  language  of 
the  authors.  These  citations  might  have  been  multiplied  indefinitely, 
but  it  is  believed  that  enough  have  been  given  to  show : 

(1)  That  the  red  Indians  of  the  Mississippi  Valley  lived  in  Used  vil- 
lages, which  they  were  in  the  habit  of  fortifying  by  palisades. 

(2)  That  they  raised  com  in  large  quantities,  and  stored  it  in  caches 
and  granaries  for  winter  use. 

(3)  That  whilst,  as  a  fact,  the  women,  children,  old  men,  and  slaves 
always  cultivated  the  fields,  yet  the  warriors  cleared  the  ground,  and, 
vheD  not  engaged  in  war  or  hunting,  aided  in  working  and  harvesting 
the  crop,  though  the  amount  of  such  assistance  varied,  being  greater 
among  the  tribes  south  of  the  Ohio,  and  less  among  the  Iroquois  or  Six 
NatJoBs. 

A  further  examination  of  these  same  authorities  will  show  that 
slavery  was  more  or  less  common  among  all  the  tribes  east  of  the  Mis- 
BiBsippi ;  that  the  rights  of  property  were  duly  recognized  and  respected, 
and  that  there  existed  among  them  a  system  of  inter-tribal  traffic,  in 
which,  among  other  things,  com  and  slaves  were  bartered  for  skins 
and  such  other  articles  as  were  needed, 

II— THE  INDIAN  AS  A  WOB8HIPPBB  OP  THE  SUN. 

The  qnestion  of  subsistence  being  thus  disposed  of,  let  us  now  ex- 
amine into  the  form  of  government  and  the  religious  belief  of  the  mod- 
cm  Indians,  in  order  to  see  whether  in  these  particulars  there  were 
any  such  differences  between  the  state  of  affairs  that  can  be  shown  to 


'Quoted  in  Our  Indian  Wardi,  p.  84:  Ciucinnali, 
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bare  prevailed  among  tliem,  and  that  which  is  assonied  b>  have  exisUd 
among  the  uioutid-bnllders,  as  voald  warraut  the  inference  that  ttiey 
could  not  have  erected  these  works.  On  the  part  of  those  who  hdd  that 
there  were  sach  fiuidamental  differeuces,  it  is  contended  that  there  are 
certain  types  of  earth-works  that  were  evidently  designed  for  a  reb- 
gious  purpose.  They  are  variously  termed  "temple"  nioands  and  "sa- 
cred inclosares,"*  are  foand  sometimes  singly  and  sometimes  united  u 
a  more  or  less  complicated  system,  and  are  supposed  to  indicate  tliat 
the  people  who  bnilt  them  were  devoted  to  the  worship  of  the  Bim.t  It 
is  also  asserted  that  the  erection  of  these  works  involved  a  species 
and  an  amount  of  labor  to  which  the  Indian  would  not  have  sobmittad.^ 
and  that  hence  he  did  not  build  them. 

This  is  believed  to  be  a  fair  statement  of  the  argument,  which  npoD 
examination  will  be  found  to  be  fatally  defective  in  so  far  as  it  as- 
sumes the  very  point  iu  dispute.  To  assert  that  the  Indian  would  not 
have  submitted  to  the  labor  requisite  for  the  construction  of  tlnn 
mounds  is  virtually  to  beg  the  whole  question.  So  &r  is  this  from 
being  true,  that  there  is  probably  no  fact  in  American  !ux;hxoi<^ 
better  authenticated  than  that  the  red  Indian  has,  within  the  historic 
epoch,  voluntarily  bnilt  both  mounds  and  earth-works.  This  of  ifwlf 
is  a  sntBclent  answer  to  the  statement  as  to  what  he  would  or  woaM 
not  have  submitted  to  iu  the  way  of  work,  and,  at  the  same  time,  ii 
effectually  disposes  of  the  theory  that  only  despotic  governments  conht 
have  controlled  the  amount  of  labor  necessary  to  the  erection  of  the* 
works,  since  the  form  of  government  existing  everywhere  throngbont 
the  valley  of  the  Mississippi  at  the  date  of  the  arrival  of  the  whit**- 
except,  perhaps,  among  the  !Natehez  Indiau8,§  was  as  far  removed  t'^ 
possible  &om  anything  that  savored  of  despotism.    Of  course  it  is  Dd 


*8quler,  Jneient  MonumenU  of  Ike  MMUtippi  FalUg,  chapter*  iii  and  vi\:  Wut- 
ington,  1848. 

IFoater,  Frtkiiloric  Ratea  of  Ikt  CniUid  Slattt.p.  182:  Chicago,  1873.  Short,  -Vtrd 
Awuricanl  of  Anliqmti/,  p.  100:  New  York,  1880.  CoDllDt,  FoetpriKlt  ef  FliuM 
Baea,  pp.  38  and  60 ;  St.  Louis,  1879.  McLean,  The  Moiimd-BHild«r»,  p.  136:  Cincin- 
nitti,1879.  Sqnier,I.c.,p.49.  ScbaoicnSt,  Indian  Tribei  of  tlu  Vnited  SlaUt,  y'i-'''' 
pp.  29  and  61.    C.  C.  Jonw,  AntiqKitiao/tkeSoutkem  IndiaM,ji.22:  New  York,  Ut3. 

]FoBt«r,  PnhUtorie  Sacrt  of  Ikt  Cniled  Stales,  p.  &19:  Chicago,  1S73. 

S  In  the  early  accounts,  the  Bashaba  of  New  Englaiid,  the  Werowance  of  Vitguii»: 
the  Paracnnss)  of^^Florida,  nut  less  than  the  Gre.tt  Sun  of  the  Natchez,  are  til  ff- 
resented  aa  absolute  nilera,  tbou^h,  to  anyone  who  will  take  the  tronbla  to  iW 
between  the  lines,  it  is  evident  that  these  were  simply  other  names  for  theoffio*^ 
chief  or  sacbem,  and  that  the  anthority  of  these  ruters  did  not  extend  an)'  fwtli'f 
than  their  power  to  persuade.  Even  Du  Pratz  (whose  aoconnt  of  the  citII  poii'y  " 
the  Nat«hei  is  nost  highly  colored)  virtually  admits,  vol.  ii,  book  it,  Mclinn  7, 
that  tlie  war-making  power  in  that  nation  was  vested  In  a  council  of  old  m^,  *'"' 
that  when  war  was  once  dorlared,  the  war  chief  and  not  the  Great  Snn  M  1^ 
party,  which  wan  c<impoBed  entirely  of  volnnteers.  Under  ilifferent  namei  "•  k"* 
'  -V  the  Micco  and  Tus-tun-nug-ul-gee  of  the  Creeks  and  the  sachem  and  «»r  i*"' 
'  Iroquois,  with  no  wore  despotism  or  monarchy  in  one  case  than  io  eitbtf  ■>< 
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asserted  that  tliests  works  were  sui  large  or  complicated  as  the  famous 
system  (111  the  Scioto;  nor  is  it  esseutiul  to  my  argumeut  that  they 
should  have  boen  iutended  for  the  same  purpose;  but  that  the  two  were 
ideutical  in  kind  i»  believed  to  be  beyond  dispute,  as  is  also  the  addi- 
tional fact  that  amoug  those  known  to  have  been  erected  by  the  mod- 
ern Indians  there  are  those  that  are  on  such  a  scale  of  magnitude  as 
to  prove,  beyond  doubt,  that  when  the  motive  was  sufficient  the  Indian 
did  not  beititate  to  perform,  voluntarily  and  for  an  iudetlnite  length  of 
time,  the  same  sort  of  manual  labor  as  that  which  was  necessary  for 
the  construction  of  the  more  complicated  series  of  works.  Upon  this 
point  the  evidence  is  very  clear;  and  as  there  was  practically  no  limit 
to  the  time  within  which  these  works  must  have  been  finished,  it  fol- 
lows that  their  erection  by  a  people  living  under  the  same  conditions 
as  the  Indians  muttt  simply  have  resolved  itself  into  a  question  of  the 
power  and  ]>ermanence  of  the  motive  that  impelled  them  to  the  under- 
taklug.  Clearly,  if  a  regard  for  the  dead,  or  the  necessity  for  self- 
protection,  could  lead  the  |>eople  of  a  single  village  to  erect,  in  ooe 
case  a  burial  mound  and  in  the  other  a  breastwork  or  fort,  there  can 
be  no  reason  why  a  motive  that  affected  a  whole  tribe  and  continued 
to  induence  successive  generations  might  not  have  led  to  works  as 
much  greater  than  these  as  the  one  motive  is  more  general  and  perma- 
nent than  tlie  other.  Cologne  cathedral  is,  to  some  extent,  a  case  in 
point.  That  building  was  begun  some  five  hundred  years  ago,  at  a 
IJme  when  the  religious  feeling  of  the  people  of  that  country  was  wont 
to  manifest  itself  in  such  outward  marks  of  devotion,  and  though  the 
work  has  dragged  as  the  ages  rolled  on  and  opinions  changed,  yet  the 
very  same  motive  or  motives  tbat  led  to  its  commencement,  acting 
upon  BQcceeding  generations,  have  result^id  at  last  in  the  completion 
of  that  superb  structure.  This  being  admitted,  nnd  I  do  not  see  bow 
it  can  well  be  denied,  there  only  remains  for  me  to  prove  the  existence 
of  some  adequate  motive  among  the  Indians  inorder  to  justify  the  con- 
clnsion  that  they  could  have  built  these  works,  even  those  of  the  largest 
size  and  most  complicated  pattern. 

Under  ordinary  circumstances  this  is  a  task  that  I  should  hardly 
venture  to  nndertake.  To  attempt  to  point  out  the  motive  that  led  the 
people  of  a  village  or  a  tribe  to  execute  a  certain  piece  of  work,  requir- 
ing the  united  labor  of  a  largo  number  of  persons  for  an  indefinite  time, 
especially  when  the  purpose  or  end  for  which  that  work  was  intended 
is  itself  a  matter  of  grave  doubt,  seems  like  a  hopeless  undertaking; 
and  yet,  with  all  due  deference  be  it  spoken,  this  is  precisely  what  the 
advocates  of  the  mound -builder  theory  have  done,  and  in  so  doing  they 
have  marked  out  the  coarse  that  this  investigation  must  follow. 

Reasoning,  from  analogy — an  uncertain  guide,  at  best,  in  matters 
soientifii; — they  not  only  tell  us  that  a  (certain  class  of  these  works  were 
designed  for  a  religious  purpoKc,  but  they  assert  that  they  were  built 
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by  a  people  vho  worshiped  tlie  siui^  and  they  eveu  go  ao  £ar  as  to  ase 
this  as  aa  argument  why  the^  could  uot  have  been  erected  by  the  red 
Indian.  That  some  of  these  works  were,  in  some  way,  connected  with 
this  coJt  is  extremely  probable;  at  all  events,  in  ^-iew  of  the  plausible 
explanation  it  gives  of  their  origin,  the  statement  is  admitted  to  be  tnu;; 
but  to  assume  that  this  furnishes  a  sound  basis  for  the  next  step  in  the 
argument,  and  authorizes  the  inference  that  the  red  Indian  could  not 
have  built  them,  is  without  warrant,  either  in  fact  or  logic.  Indeed,  so 
far  is  it  from  being  an  argument  in  favor  of  this  theory,  that  it  is  be- 
lieved to  tell,  with  disastrous  effect,  against  it,  since  it  can  be  shown. 
on  aodoabted  authority,  that  everywhere  in  the  valley  east  of  the  Mis- 
sissippi the  Indian  was  a  sun-worshipper,*  and  thus,  of  course,  he  and 
the  mound-bnilder  must  have  bad  the  same  religions  cult,  even  accord- 
ing to  the  admissions  of  those  who  hold  that  the  two  belonged  to  differ- 
ent races  and  represented  different  phases  of  civilization.  This  being 
the  case,  and  it  being  further  admitted  that  it  was  this  cult  that  led  the 
mound-builders  to  erect  works  like  the  so-called  sacred  inclosnres  of 
southern  Ohio,  it  must  follow  that  there  can  be  no  reason  why  the  same 
colt  should  not  have  produced,  among  the  Indians,  precisely  simihu 
reenlts. 

To  the  argnmeut  when  stated  in  this  fashion,  the  only  answer  lagicaUf 
possible  is  a  denial  that  the  Indians  were  sun-worshiper<),  all  others 
being  barred  by  the  terms  of  the  statement;  and  as  this  is  the  coorse 
that  the  discussion  must  inevitably  take,  it  behooves  me  to  strengthen 
this  point  as  much  as  possible.  To  this  end  an  appeal  to  the  earl; 
records  again  becomes  necessary,  and  though  it  seems  like  a  waste  of 
time  thus  to  "  thrash  old  straw,"  yet  the  fact  that  recent  writers  on  this 
subject  have  either  entirely  ignored  the  existence  of  sun  worship  among 
the  modem  Indians,  or  else  have  limited  it  to  a  few  tribes,f  is  proof 
positive  of  the  necessity  for  repeating  the  evidence  which  bas  led  me 
to  a  contrary  coDclnsioo.  In  doing.this,  however,  the  order  followed  in 
investigating  the  qnestiou  of  subsistence  will  be  reversed.  Instead  of 
beginning  with  the  Huron  and  Algonquin  families,  as  was  done  in  that 

'"The  tiibea  of  the  New  World  cho«e  the  sun  aa  the  object  of  their  adoration:* 
Briotun,  Xolet  on  Ihe  FUyridtan  PeniniHla,  p.  126,  Philadelphia,  1859.  "With  titaoM 
all  tbo  aborigines  there  is  proof  •  -  •  of  the  former  wonhip  of  the  Bnji:"  Bnwl- 
fonl,  American  Jntiqaiiita,  p.  181,  New  York,  1841.  "The  United  States  Initiaoi  » 
gorded  the  aim  as  the  aymbol  uf  light,  life,  power,  aud  intelligence,  uid  deempd  il 
the  impersonation  of  the  Great  Spirit.  They  sang  hymns  tothesnn  and  made  geilD- 
fleotiona  to  it:"  Schoolcraft,  Indian  Triba,  vol.  v,  p.  407,  and  vol.  lii,pp.  60aadM' 
■'TherBIigions  oranperatitionaof  the  American  Nations  ■  -  -  are  only  modtflci- 
tions  of  that  primitive  ayatem  which  has  been  denominated  sun  or  fire  wonhip:" 
Squier,  Serpent  Symbol  itt  Ameriea,  p.  Ill,  New  York,  1851.  See  also  Tylor,  Frimtirt 
Cnlture,  vol.  II,  pp.  287  et  »eq.,  Boston  reprint  1874.  Nnttall,  Travela  in  Arkuaw,  ^ 
277,  Philadelphia,  1821. 

iFoolprinU  of  Vaniiked  Haeet,  p.  61 :  St.  Louis,  1879. 
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case,  the  tribes  south  of  tlie  Ohio,  called  by  Schoolcraft  the  Appalach- 
ians (thoaxh  they  do  not  all  beloog  to  the  same  stock  or  fomily),  will  be 
first  considered.  This  cbauge  is  deemed  advisable  for  the  reason  that 
the  religions  rites  aod  observances  of  these  tribes  are  better  kuowa  than 
are  those  of  any  other  itation  iu  the  Mississippi  Valley,  and  because, 
fhrther,  it  is  only  by  the  tight  of  this  knowlegde  that  it  is  possible  to 
interpret  customs  once  prevalent  elsewhere,  but  which  have  either 
wholly  died  ont  or  lost  much  of  their  signiflcauce.  As  an  instaQce  of 
this,  take  the  institution  for  keeping  up  a  perpetual  fire,*  which  seems, 
atone  time,  to  have  been  very  general  among  the  tribes  north  of  the 
Ohio,  but  which  disappeared  soon  after  the  arrival  of  the  whites,  though 
ve  are  told  that  its  rites  and  duties  were  still  fresh  in  the  recollection 
of  the  ludiaos.  Of  itself,  the  fact  that  this  institution  had  once  pre- 
vailed extensively  among  tribes  both  of  the  Hnron  and  Algonquin  fam- 
ilies might  not  be  considered  as  settling  definitely  their  form  of  religion ; 
bnt  if  it  be  taken  in  coiiDoction  with  the  very  prominent  part  this  rite 
held  in  the  religious  observances  of  the  sun-worshiping  tribes  of  the 
Gnlf  States,  it  will  be  seen  that  it  forms  an  important  link  iu  the  chain 
of  evidence  that  points  to  the  existence  of  one  and  the  same  form  of 
vorship  among  these  different  nations.  Other  instances  of  a  similar 
character  will  doubtless  occur  in  the  course  of  this  investigation;  and 
my  object  in  calling  attention,  at  this  time,  to  the  sudden  disappearance, 
over  such  a  wide  area,  of  what  must  have  been  an  important  religions 
rite,  is  not  so  mnch  to  mark  the  identity  that  once  existed  in  the  ritual 
of  these  widely  separated  nations,  as  it  is  to  indicate  the  method  that 
it  is  proposed  to  adopt  iu  tlie  treatment  of  this  and  similar  cases.  This 
mode  of  leasoning  is  beljeved  to  be  perfectly  fair  aitd  legitimate,  though 
ot  course  its  efficacy  will  depend  upon  the  establishment  of  the  truth 
of  the  proposition  that  the  southern  Indians  were  snn-worshipers. 
Fortunately  this  is  a  matter  about  which  there  can  not  be  much  doubt. 

*  Oeoetal  Lewis  Cass  in  Notes  lo  SaHillae,  a  ]K>eiii  b;  Heury  Whituey ;  Boston,  1831. 
BrintOD,  JfylA*  of  Ike  Vetc  IForld,  p.  150:  New  York,  1ST6.  Schoolcraft,  Ad^tM  be- 
fore N.  ¥.  Hitlorical  Society,  1W6,  quoted  in  Serpent  Symbol  in  AmvHoa,  p.  129. 
"Tbe  general  coaucil  of  the  Five  Natious  wm  held  at  Ououdaga,  where  there  has, 
froia  the  beginaing.  lieuii  kept  a  Are  contiuuallj  borDiug,  made  of  two  great  logs, 
whose  flames  were  never  extinguished:"  Colden,  Fire  yaiioKt,  vol.  i,  p.  167:  Loti- 
doD,  1747.  This  laugiiagc  may  be  luetaphoricul,  uadtbe  "fire"  spokeuof  may  mean 
a  "  council  fire,"  and  1  am  perfec;tl;  willing  to  admit  that  it  does,  though  LaGtau, 
vo).  I,  pp.340  aod  341,  speaking  of  the  Iriciuoia,  tells  us  that  "Les  Saavages  ont 
encore  plus  perdu  de  leurs  coutamea  depuis  ce  tenips-l^;  Us  to  recouuoissent  eai- 
iufDiea,aty  ont  regret;  cardauales  malheurs  gui  leur  arrivent,  ils  disuut  qu'ils  nu 
doivent  pas  a'eo  plaiudre,  et  que  c'est  uoe  pnnition  i>onr  avoir  abiuidoua^  I'usage  de 
Icon  retealt«s,  et  de  leiirs  jsftues." 
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La  Vega,  *  Laudooi^re,  f  and  others,  X  some  of  whom  wrote  in  die 
latter  i>art  of  tbe  sixteenth  ceutury,  bear  witness  to  the  fact  iji  the  most 
niimistakable  language,  and  their  statements  are  confirmed  by  all  the 
later  writers-^  To  euumeratc  these  latter  would  be  simply  to  call  the 
roll  of  all  who  have  written  upon  tbe  subject,  and  however  interest- 
ing this  might  be  to  the  special  student  in  a  bibliographical  point  of 
view,  it  would  soon  become  monotonous  and  "caviare  to  the  genend.' 
For  this  reason,  I  shall  confine  myself  to  a  rapid  survey  of  some  of  the. 
religious  customs  that  prevailed  among  these  tribes,  and  will  only  make 
snch  use  of  authorities  as  may  be  necessary  to  establish  the  truth  of  tbe 
propositions  advanced. 

Speaking  in  a  general  way,  then,  it  may  be  said  of  these  uatioBS  that 
among  some  of  them  "  the  sun  was  regarded  as  one  of  the  great 
deities ;  by  others  it  was  looked  upon  as  the  symbol  or  representative  of 
the  chief  deity,  and  yet  again  by  others  it  was  considered  as  the 
supreme  deity  himself.  "|1  As  part  and  parcel  of  this  worship,  there 
were  certain  rites  and  ceremonies,  among  which  that  of  keeping  up  a 
perpetual  fire  was  one  of  tbe  most  striking.  This  fire  was  kept  bntn- 
ing  in  honor  of  the  sun,^  and  was  regarded  as  being  too  sacred  to  be 

*"Lo8  peoples  de  1&  Floride  tiennent  le  Soleil  ct  In  Lnue  poor  des  DivioiUa:" 
ffUloirt  dc  la  con^tt  dt  la  Floride,  p.  11;  Paris,  1709.  According  U>  the  Geollv- 
man  of  Elvas,  De  Soto,  in  order  to  ingratiate  hiniseir  with  the  tribe*  through  whtM 
domiuioDB  he  was  pasaiDg.reptMented  himself  a«  being  achiJd  of  the  Snu.  "Drf  np 
the  river,"  auswemd  the  Caciqiie  of  Qoigalta,  "and  he  would  believe  him:"  Nam- 
live  of  the  Expedition  of  Heruaudo  de  Soto  in  Hi*l.  Cull,  of  Louitiana,  part  It,  p.  187- 

t  "They  sing  praiHcs  to  the  Snn,  aHcribiog  anto  him  the  honor  of  the  victor;. 
They  have  no  knowledge  of  God,  nor  of  any  religion,  saving  that  which  they  see.  u 
the  Siin  and  the  Moon:"  HlHtory  of  the  first  attempt  of  the  French  to  eoloniM 
Florida,  A.  D.  1562,  in  Bi*L  Call,  of  I^NiaiMa.  new  series,  pp.  171-252,  and  353: 
New  York,  1869. 

tLe  Moyue,  plate  xxzv  sod  explanation,  Franckfotto  ad  Moennm,  1591.  See  alio 
plate  in  preface  to  vol.  \i  of  Herrera's  Hiitory  of  Amtriea,  in  which  tbe  ladiani 
of  Florida  are  represented  as  "  sacrificing  the  ir  liret- horn  t«  tbe  Sun:"  London,  ITIO. 
"  Lea  ApftlacbitoH  adoraient  le  soleil  do  mi-nie  i|no  la  plupart  dea  plus  celebne  p«u- 
ples  de  I'Aiiieriqne :"  Rocbefort  HitUrire  da  Autilln,  p.  41:!:  Rottetdun,  IfifS- 
ConSnned  by  Herrera,  pp.  328-355  of  vol.  v,  and  p.  24  of  vol.  vt:  London,  I74ft 
"Le  SuU-i)  est  en  quelqiie  fafon  I'uniiiue  Divinitt^  des  Florid iens,  tons  leatsTsm- 
plea  liii  ont  consacr^es :''  Charlevoix.  XoirtlU  France,  vol.  i,  p.  41. 

(CoDsnlt  Jones,  Antiquiliei  of  the  SouHtern  Indiaiit,  chapters  i  and  xiz:  Mew 
Tork,  1873.  Brinton,  Floridian  i>ciita«iila,  chapter  iii,  section  3:  Philadelphia,  1S9. 
Tylor,  Priatilirt  CutiMie,  vol.  Ii,  p.  287  el  irq. :  Boston  reprint.  1874.  Sqaier.  Str- 
pent  Ssmbol  ID  America,  chap,  iv:  New  York.  1851.  Ancient  SlonumtnU  of  Ike  Hi-ii- 
$ippi  raltef,  p,  123:  Washington,  11*48, 

UTbis  is  tbe  classification  uade  by  Tylor,  PHmilire  Cnllure,  vol.  ti,  p.  287.  of  tbe 

beliefs  of  "  the  rnder  tribes  "  of  tbe  northern  continent.     It  seems  to  me  that  it  it 

equally  applicable  to  the  tribes  living  on  tbe  lower  MiBsissippi  and  along  the  Galf 

coast,  and  I  have  adopted  it,  even  though  those  nations  are  sometimes  conitidend. 

t  are  l>e1ieved  to  be  iosnGBcient  grounds,  as  occupying  a  aomewbat  higMi 

the  scale  of  civilization  than  their  neinhbon  north  of  tbe  Oliib. 

;levoU,  Letlert,  p.  313:  Loudon,  1763,  -,  , 
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ased  for  ordioary  purposes.  It  was  fed  witli  sticks  or  billets  of  TFood 
without  tlie  baxk,  placed  so  as  to  radiate  ft'om  a  common  center  Bome- 
wfaat  like  the  spokes  of  a  wheel,  the  fire  occupying  the  center  or  hub. 
It  was  kept  in  buildings  or  temples  erected  for  the  purpose,  in  which 
were  also  preserved  the  bones  of  the  dead  chieftains,  neatly  done  np  in 
cane  baskets.  Priests  or  guardians  were  appointed  to  watch  over  this 
fire,  and  see  that  it  never  died  out,  as  its  extinguishment  was  thought 
to  forebode  dire  evil  to  the  tribe.*  In  case  Bueh  a  thing  did  happen, 
either  by  accident  or  through  carelessness,  the  fire  could  only  be  rekin- 
dled by  brands  taken  from  that  kept  burning  in  the  temple  of  the  Bfau- 
bilieus.  t 

First  among  the  priests  or  guardians  of  the  temple  and  fire  among  " 
Ihe  Natchez  was  the  chief  of  the  tribe,  or,  as  he  was  called,  the  Great 
Sun.  i  Every  morning  at  sunrise  he  appeared  at  the  door  of  hia  cabin, 
and  turning  towu^  the  east  "  he  howled  three  times,"  bowing  down 
tothe  earth.  Then  a  calumet,  used  only  for  this  purpose,  was  brought 
liim,  and  be  smoked,  blowing  the  smoke  of  the  tobacco  first  towards  the 
8UD  and  then  towards  the  other  three  quarters  of  the  world.  §  He 
acknowledged  no  superior  but  the  snn,  lh>m  which  be  pretended  to 
derive  hia  origin.  || 

These  temples  did  not  differ  materially  Irom  each  other,  nor  from  the 
atbercabiu8,especiallythoseofthe  Indian  chiefs.  Thedescriptlon  which 
the  9ieur  deTonti  has  left  us  of  the  one  among  the  Tensas,  visited  by  faim 

'Charlevoix  Letler  no.  xxix,  pp.  30H  et  »eq.:  London,  1T63.  Du  Prstz,  Hiitory 
*f  Limiriana,  vol.  It,  chapter  3,  sectioDB  2  aad  4 :  Loudoo,  1763.  Memoir  of  Touti  in 
But.  Coll.  of  Lottitiana,  part  i,  p.  61.  Father  Le  Petit  in  BUI.  Coll.  of  Loaitiana, 
pftK  m,  note  t«  p.  110  c(  ifq.  La  Vega,  Conqnftt  de  In  FtoHdr,  vol.  i,  p.  266  «( ttq,: 
P&Tia,  1709.  Oentlemanor  EIvbb  in  Hi*t.  Coll.  of  LoHinana,  part  II,  p.  123.  Letter 
of  Fsttaer  Oravier  in  Bame,  »ecoDd  nories,  pp.  79  et  >tg.:  1873. 

t  Charlevoix,  Letten,  p.  323;  London,  1763. 

(Du  Piatz,  Hittory  of  iMuitiana,  vol.  II,  p.  212:  Loudon,  1763. 

S  Charlevoix,  Leitert,  p.  315.  Father  Le  Petit  in  Hi»t.  Coll.  Lonixtana,  part  in, 
note  to  p.  142.  Father  Douay's  Narrutiva  of  La  Salle's  attempt  to  aaoend  the 
Mi«Biiaippi  in  1687;  pablished  in  Shea's  Ditoocery  and  Exploralioa  of  that  river,  p. 
228.  It  waa  in  this  expedition  that  La  Salle  wan  mnrdered,  and  the  good  father's 
acGonat  relatce  to  the  trihes  that  were  then  living  in  nbat  are  now  the  States  of 
Texas,  Louisiana,  and  Arkaneati.  He  says :  "  The  Snn  is  their  divinity,  and  they 
offer  it  in  ^rifico,  the  best  of  their  cliaae  in  the  chiera  cabin.  They  pray  for  half 
an  hour,  capecially  at  sunrise ;  they  send  him  the  first  whiff  of  their  pipes,  and  then 
send  one  to  each  of  the  four  oucdinal  points."  As  late  as  the  beginning  of  the 
prcMut  century,  Nnttall  t»lla  us  that,  according  to  the  teetimony  of  a  Qnapaw 
i^hief,  the  "Osogea  amokoil  to  God  or  the  sun,  and  accompanied  it  by  a  short 
Bpottrophe:"     TraveU  i»io  the  ArkaMoi  7fliitorjf  p.  !)5;  Philadelphia,  1821. 

ICharlevoix,  Letter*,  p.  313.  This  belief  was  not  confined  to  the  NatcheE,  as  the 
HuTons  and  also  tEie  tribes  of  the  Klorldiau  Peninsula  asserted  the  same  thing  of 
their  chiefs,  See  Charlevoix,  Letterg,  p.  314,  for  the  former,  and  Lafltan,  Moeuri 
■Jn  Sa»rage»  Ameriquaini,  vol.  I,  pp.  1)41  and  436  for  the  latter.  Bartram,  Trawli 
ibviyh  Florida,  p.  496,  Buys  that  among  the  Creeks,  "  the  Micco  seems  the  repri 
Mntative  of  the  Great  Spirit."  [:,y,i,^eu  l  OoOQ  Ic 
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during  the  coarBe  of  Ms  trip  down  the  Mississippi  with  La  SaUe,  A.  D. 
1682,  will,  with  but  few  changes,  apply  equally  well  to  all  of  them. 
After  premising  that  these  tribes  "have  a  form  of  worship,  and  adore 
the  sun,"*  he  goes  on  to  say  that  the  temple  is  very  like  the  cabin  c€ 
the  chief,  which  stands  opjKtsite,  except  that  on  top  of  it  there  were 
the  figures  of  three  eagles  which  looked  toward  the  rising  sun.  It  wa« 
about  40  feet  square,  and  the  walls,  10  feet  high  and  I  foot  thick,  were 
made  of  earth  and  straw  mixed.  The  roof  was  dome-shaped,  and  about 
15  feet  high.  Aronod  this  temple  were  strong  mad  waits,  in  which  are 
fixed  spikes,  and  on  these  are  placed  the  heads  of  their  enemies,  whom 
they  sacrificed  to  the  son.  Within  it  there  is  an  altar,  and  at  the  foot 
of  this  altar  three  logs  of  wood  are  placed  on  end,  and  a  Are  is  kept  op 
day  and  night  by  two  old  priests,  who  are  the  directors  of  their  wor- 
ship.t 

We  are  are  also  told  that,  at  one  lime,  these  temples  were  quite  com- 
mon throughout  all  the  vast  region  then  kaown  as  Florida,  a  m^ority 
of  the  tribes  and  even  many  of  the  villages  having  their  own,  and  keep- 
ing up  in  them  peri>etual. fires.}  Geographically  speaking,  they  are 
found  all  the  way  from  Arkansas  to  the  southern  extremity  of  the  pen- 
insula of  Florida;  and  in  point  of  time  they  cover  the  one  hundred  and 
eighty  years  embraced  between  the  expedition  of  De  Soto  and  the  visit 
of  Charlevoix  in  A.  d,  1721.5  Abont  this  time  they  seem  to  have  gone 
somewhat  out  of  fashion,  as  we  are  told  th^  the  one  among  the  Natchez 
was  the  only  one  left;  aud  although  that  is  said  to  have  been  held  in 
great  veneration  "by  alt  the  savages  which  inhabited  this  vast  couti- 
nent,"  and  the  eternal  fire  was  still  kept  up,  yet  it  is  evident  from  the 
neglected  and  unguarded  condition  in  which  Charlevoix  found  it]]  that 
it  bad  lost  much  of  its  sacred  and  distinctive  character.  Indeed,  he 
tacitly  admits  as  much,  and  probably  assigns  the  true  cause  when  be 


■  Memoir  of  ToQti  in  EM.  Colt,  of  Louinana,  part  i,  pp.  fit  and  6i. 

tHemoir  at  Tonti  ia  BUI.  Coll.  of  LoaUiatui,  part  i,  pp.  61  <t  laf.  JfarrmltTr  «/ 
£a  Salle'i  rogoft  4owii  tkt  Mi*tii»ippi  by  Patber  Hembrri,  p.  171.  8p«akiDg  of  the  In- 
diausof  the  lower  Mississippi,  tbe  worthy  father  says:  "We  remarked  a  partiooUi 
TeneratiOD  thpy  bad  for  the  sun,  which  they  rucognued  as  him  who  made  and  pre- 
serves all.*'  Compare  this  descriptiou  «f  the  temple  of  the  Teusas  with  that  of  almilw 
buildings  among  other  tribes  as  given  iu  Charlevoix.  Lttlen,  pp.  312  et  te^.,  and  ia  Lt 
SoHrtllt  Franrt,  vol.  Ill,  p.  3S1:  Du  Prati,  Bittory  of  Loiiiiiana,  toL  11,  cbap.  3, 
sections  2  and  4 ;  La  Vega,  premiere  partie.  pp.  266  el  *«g.;  Gentleman  of  EItu  id 
But.  Coll.  of  L«iunana,  part  i,  p.  123,  and  Father  Le  Petit,  in  the  same,  part  in,  not* 
to  pp.  141  rl  Ktj.  This  latter  author  says  of  the  Katcbet :  "  The  aan  is  the  prindpit 
object  of  veueration  to  these  people;  as  they  cannot  conceive  of  anytbing  which cu 
be  above  this  heavenly  body,  uutbing  else  appears  to  them  more  worthy  of  their 
hom^e." 

ICharleToii,  Lrlien.  p.  323.  Da  Pratz,  vol.  II,  pp.  210  and  11.  Father  Le  Petit. 
I.  c,  note  un  p.  144. 

*A  Vega.  Conqmftt  de  la  floridr.  premiere  partie,.  pp.  364  tl  *eq.  Ibid.,  •aeonde 
.  p.  89:  Paris,  1709.  Gentleman  of  Elvas,  ).  c,  p.  123.  Chailevolz  Leittr,  m. 
LoHdon,1763.     Dn  Prati.  vol.  ii,  p.  211:  London,  MBS,      QqqqIc 


krlevoix,  Lttleri,  pp.  313  aud  3: 
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ascribes  it  to  the  fear  lest  the  Preach  should  violate  these  last  reeting- 
places  of  the  dead,*  as  they  had  done  with  the  temple  of  OnmaAf  a  few 
years  before. 

Some  tweDty-five  years  later,  in  the  time  of  Adair,  vho  lived  and 
traded  among  the  Chickasaws,  Creeks,  and  Choctawq  for  many  yeunt 
snbseqaent  to  1735,  the  change  was  even  more  perceptible.  It  is  true 
that  the  tribes  constituting  the  Creek  or  Muscogee  confederacy  kept 
np  many  of  the  peculiar  usages  of  the  ^Natchez,  and  coDtinued  to  vene- 
rate tbe  sun,  as  they  cert-ainly  did  down  to  a  comparatively  recent 
period  ;t  and  in  describing  their  religions  ceremonies,  Adair  still  speaks 
of »  "sacrwl  fire,"  "holy  places,"  "  synbedria,"  etc.;§  but  it  is  evident 
that  in  so  doing  he  has  been  betrayed  by  his  wild  notious  as  to  the 
identity  of  the  American  Indians  with  the  lost  tribes  of  Israel,  into  the 
adoption  of  a  terminology  that  is  not  warranted  by  the  facts.  Temples 
Bach  as  the  one  described  among  the  Teusas,  and  which,  as  we  have 
Heen,  were  once  common  among  all  the  Floridiaii  ti-ibes,  no  longer  ex- 
isted, and  in  their  stead  we  And  the  state  house,  rotunda,  hot  bouse,  or 
simple  council  chamber,  such  as  it  was  known  to  tbe  Creeks  andChero- 
kees.  In  connection  with  the  disappearance  of  the  temples  proper 
among  these  nations,  there  seems  to  have  been  a  corresponding  decrease 
in  the  number  and  purity  of  their  religious  rites  and  ceremonies.  Du 
Pratzll  mentions  tbe  fact,  ascribing  it  to  the  decrease  in  population, 
whilst  Adair,1T  mourning  over  what  he  is  pleased  to  consider  the  religious 
degeneracy  of  the  times,  complains  that  "  their  primitive  rites  are  so 
corrupted  within  the  space  of  the  last  thirty  years  that,  at  the  same  rate 
of  declension,  there  will  not  be  long  a  possibility  of  tracing  their  origin 
but  by  their  dialects  and  war  customs."  Especially  is  this  said  to  be 
true  of  the  Cberokees,  whom  he  stigmatizes  as  a  nest  of  apostate 
hornets.*" 

A  few  years  later,  say  during  tbe  last  qnarter  of  tbe  eighteenth  cen- 
tury, and  tbe  change  is  complete.  A  temple  is  no  longer  even  spoken 
of,  though  the  council  bouse,  which  seems  to  have  taken  its  place  as  the 
scene  of  their  religious  rites  and  festivities,  inherited  something  of  its 
sacred  character.  It  was  still  placed  upon  an  artificial  monnd,tl  an  it 
hadbeenamongtheQnapawsof  Arkansas,tttheNat^Aei'.ofLoui3iana,§§ 

•Charlevoix,  lttler$,  p.  313:  Loiidnu,  1763. 

ILaBtan,  Moenr*  det  SaHtagei  AfHeriqaaint,  toI,  i,  p.  168;  Pftris,  1724. 

tNnttall,  TrareU into  the  Jrkanta  rnritorj.p.  277:  PbiliwlirlphiB,  1R21. 

i  AAair,  BUUhti  of  the  North  American  indianit,  pp.  30  aad9S,etBeq.:  LoDilon,  1775, 

I  Eiatorgo/LouMana.^ol.  il,  p.  210:  London,  1763. 

H  HUtory  of  North  AnurUan  Indtant,  pp.  8t  aud  98. 

"  Korth  Americait  Indiani,  p.  81. 

ItBartram,  TrareU  through  Florida,  p.  367,  el  teij.:  Philadelphia,  1791.  Sno  also 
HB8.  of  the  same  aathor  quoted  by  Sqaier  id  Snilhaonian  Conlributioni  to  Knoteledge. 
vol,  II,  pp.  136,  et  teq.,  and  AdAir,  North  Amerifan  Indiatu,  p.  421. 

It  La  V«ga,  ConqiUlt  df  la  Ftoride,  seconde  partio,  p.  89:  Parin,  1709. 

H  Dn  Pratz,  vol.  ii,  p.  211 :  London,  1763.  Father  Le  Petit,  in  EUt.  Coll.  of  Lo  i  , 
•»«,  part  III,  not*  to  p.  140.  ^lOO^li^ 
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and  other  wuthem  tribes;  and  here  the  old  meu  of  the  rillaire  wen 
accustomed  to  meet  every  evening  to  talk  over  public  affairs;  and  here 
also  took  place  many  of  their  feasts  and  dances  when  the  weather  pre- 
claded  the  use  of  the  open  square  in  front.*  Women  vere  no  longn 
ehnt  out  from  it«  sacred  precincts,  but  were  permitted  under  certain 
conditions  to  take  a  snbordinate  part  in  the  ceremonies,  except,  perbapA, 
among  the  Creeks,  among  whom,  according  to  Bartram,  it  was  ^Sl 
deemed  an  offense  worthy  of  death  for  a  womfm  to  enter  this  TotiiDda.f 
He  also  tells  us  that  it  was  within  this  building  that  the  new  fire  was 
kindled  on  the  occasion  of  the  feast  of  first  frnita,  and  it  was  here  Hiat, 
under  guard  of  the  priests,  "  they  seem  to  keep  np  the  eternal  fire."} 
This  however  had  lost  its  original  form,  and  was  now  spiral  in 
shape.§  Its  sacred  character  too  was  gone,  for  the  houseless  psnper 
could  DOW  bask  in  its  warmth  undisturbed  by  priest  or  prophet;  and 
when  the  evening  dance  or  the  coaucil  was  over,  be  might  find  a  nigbt's 
lodging  within  the  precincts  of  the  temple  itse1f.|| 

Another  very  interesting  rite  was  that  of  annually  putting  out  all  the 
fires  of  the  tribe,  and  kindling  them  anew  from  sacred  fire  produced  by 
friction.  This  ceremony  took  place  at  the  Feast  of  the  Bask  or  offering 
of  first  fruits,  which  scenis  to  have  been  very  general  throughont  this 
region.5|  Indeed,  Schoolcraft  tells  as  that  it  also  prevailed  among  the 
Huron  and  Algonquin  families  north  of  the  Uhio,  and  that  it  extended 


'Hiiwkini,  Skttch  of  Ihe  Creek  CoMHirg,  p.  72.  Adair,  p.  16.  Bartram,  TrcnU 
through  Florida,  pp.  369  and  ,'>16.  Sclioolcran,  vol.  v,  p.  2Sj.  Timborlake,  Mtmoin 
relating  to  the  Cherokee*,  p.  .12. 

tBartrani,  MSS.  quoted  in  .tmilhionian  Contribuliont  to  Knomledge.  toI.  ii,  p,  138; 
Wuhington,  1851. 

ilbid.,  p.  138.  "Hnscogulgos  pay  a  kind  of  homftge  to  the  Sud,  Moon,  and  Plan- 
ets:"  BftrtTam,HSS.quole<l  in  Serpent  Symbol, p. 69:  New  York,  1851.  "CberoktM 
ndore  8ud  and  Moon:"  Payne,  MSS.  quoted  in  same,  p.  68.  Indiana  of  Soatbani 
States  appear  to  bave  been  "  originally  woTsbipem  of  the  Son.  The  Cbahta,  vben 
be  has  greatly  misbebaTOd,  titters  thesf  ejaculations :  when  the  Sun  forsakea  a  HMD 
be  will  do  tbinga  he  neTor  thoaght  to  do.  Tbe  Sim  ie  tamed  against  me,  thereliire 
bave  1  come  to  this:"  Pitcblynn,  quoted  by  Bnckiugbani  Smith  in  Notes  to  bit 
TtnnslatioD  of  tbe  Relation  of  Cabef  a  de  Vaca,  p.  171 :  New  York,  1H7I. 

{  Boitram  MSS.,  1.  c,  p.  138.  Hawkins,  p.  71.  The  latter  author  says:  "lotb* 
center  of  the  room,  ou  a  amall  rite,  tbe  lire  is  madn  of  dry  cane  or  old  ploe  ilsH 
split  6ne,  and  laid  in  a  spiral  circle."  See  also  l.awson,  Carolina,  p.  38:  Lvpdoo, 
1TI8.  lu  this  connection  it  is  intereetin^  to  note  that  tbe  Abenaqnis,  of  New  En|- 
iHud,  were  in  the  habit  of  practicing  divination  by  tbe  mauner  in  wbicb  thefin 
woDid  "rua"  in  a  cnrefully  prepareil  powder  made  from  cedar.  Lafitan,  vol.  I,  p- 
387.  gives  au  account  of  it,  also  tbe  Hrgnincut  by  wbicb  An  Indian  wDman  Jastiflt^ 
tbe  practice. 

I  Hawkins,  Skelck  of  the  Creek  Couttlrg,  p.  72.  Srboolciaft,  Indian  Tribei  a/  rk 
I'nited  Stalel,  vol.  v,  p.  265. 

^  Joutel,  Jonmal  in  Bill.  Coll.  of  Louitiana,  part  i.  p.  151.  Father  Le  Petil  in 
■~~—  part  III,  note  on  p.  114.  Nuttall,  Travels  in  tht  Jrkanta  IVm'tory,  p,  X. 
Mglki  of  the  Xeic  ITorld,  p.  150:  New  York,  1876.  Du  Prati,  Lo»i«—. 
.  189.    Timeerlake,  Jfemoira  r«l<ifiii|r  (o  the  Chwoheei,  p.  65 :  Loudon,  1TG5. 
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to  the  tribes  west  of  the  Mississippi.*  He  also  adds,  that  in  every  case 
it  was  afcteoded  with  many  ceremoniefi,  though  it  does  not  seem  to  have 
been  celebrat«<l  anywhere  north  of  the  Ohio  with  the  same  solemnity 
that  it  waij  among  the  nations  that  formerly  inhabited  the  Gulf  States,f 
or,  at  all  events,  our  accounts  of  snch  celebrations  are  not  so  fnll  and 
explicit.  Adair,  who  lived  among  these  people  for  many  years,  and 
who,  aside  Irom  his  notions  about  the  identity  of  the  Indians  with  the 
Israelites,  is  usually  trastworthy,  describes  this  festival  at  great 
length,  as  does  Bartram,  Eawkinu,  and  others.:^  From  their  accounts 
I  have  made  up  the  following  summary,  which  may  not  be  uninterest- 
ing: When  the  time  for  holding  this  festival  was  Used,  the  people  of 
the  village  put  their  town  in  order,  prepared  new  clothes  for  them- 
selves, and  then,  having  partaken  of  the  "black  drink, "§  they  entered 
npon  a  rigorous  fast  of  two  days,  during  which  they  abstained  Irom 
the  gratification  of  every  sensual  appetite.  On  the  momiug  of  the 
third  day  a  snpply  of  old  food  was  brought  to  the  square,  all  vestiges 
of  which  were  removed  before  noon.  As  the  sun  began  to  decline,  the 
fires  were  extinguished  in  every  hut,  and  universal  silence  reigned. 
The  chief  priest  then  took  a  piece  of  dry  poplar,  willow,  or  white  oak, 
and  having  cut  a  hole  "  so  as  not  to  reach  through  it,  he  sbari>eued 
another  piece,  and  placing  that  within  the  hole,  he  drilled  it  briskly 
for  several  minutes,  till  it  began  to  smoke;  or  by  rubbing  two  pieces 
together  for  about  a  quarter  of  an  hour,  by  IViction,  be  collected  the 
hidden  fire."  It  wan  then  brought  out  of  the  temple  in  an  earthen  dish 
and  placed  upon  an  altar  that  had  been  jtreviously  prepfu«d  in  the 
square.  Its  appearance  brought  joy  to  the  hearts  of  the  people,  as  it 
was  supposed  to  atone  for  all  past  crimes,  except  murder.  A  general 
amnesty  was  proclaimed,  escept  far  this  one  crime,  and  all  malefactors 
might  now  return  to  their  villages  in  safety.  A  basket  of  new  fVuits 
was  then  brought,  and  the  flre-maker  took  some  of  each  kind,  and 
covering  them  with  bear's  grease,  he  offered  them  up  as  a  sacrifice  to 
the  holy  spirit  of  fire.  He  likewise  cnnaecrnted  the  plants  from  which 
the  "black  drink"  was  prepared,  by  iiouring  sorae  of  the  decoction 
into  the  holy  fire.  The  women  ranged  themselves  around  the  square, 
when  each  received  a  portion  of  the  new  and  pnro  fiame,  with  which 
they  kindled  anew  the  lionsehold  fires,  Theil  they  prepared,  in  the  best 
manner,  the  new  corn  and  fruits,  and  brought  them  to  the  square, 
where  the  people  were  assembled,  apparelled  iu  their  new  clothes  and 
<Iecorati<>ns.      "The  men  having  regaled   themselves,  the  remainder 

' Xoteion  ike  Iroquoia,  p. 85,  e(  upg.,'  New  York,  1846,  Indian  THbe»  of  Ike  Vniiti 
Slalet,  vol.  HI,  p. 227.     Catlia,  SoHh  Americon  Indians,  vol.  i,p.  189:  Louilon,  1848. 

>  Schoolcraft,  Indian  Tribt-tofthe  Vniltrt  Slate; -vol.  v,Y>.\Oi. 

'Adair,  Hiilorg  of  JVorih  Amrrlcan  Indians,  nTgiimetit  viu.  Bortrani,  Trarelt 
Arough  Florida,  pp.509  (rad  510.  Hawkine,  Stclrh  of  the  Creek  Country,  pp.  75,  78. 
See  also  note  187. 

JMadefhtm  the  lies  Caaaine  I.,  called  L'asseuu  or  Ynapon.  (  '(11  >o[i' 
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wm  carried  off  aud  distribated  among  the  families  of  the  village.  Tbe 
vomeo  and  cbildren  solaced  tliemselvea  in  their  separate  families,  mi 
in  the  evening  repaired  to  tbe  public  square,  where  they  danced,  song. 
and  r^oiced  during  the  whole  night,  observing  a  proper  and  exemplary 
decomm;  this  they  continued  three  days,  and  on  the  four  folloving 
days  they  received  visite  and  rejoiced  with  their  friends  from  neighbor- 
ing towns,  who  had  all  purified  and  prepared  tbemselves.** 

There  were  other  rites  aud  ceremonies  connected  with  the  worshipot 
these  tribes  that  might  be  studied  to  advantage;  but  those  reported 
above  were  the  most  important,  and  will  give  a  very  good  idea  of  the 
ritnal  as  developed  among  these  people.  As  has  been  said,  the  relig- 
ions cnlt  seems  to  have  reached  a  higher  level  here  than  it  attaiitcd 
elsewhere  in  the  Mississippi  Valley;*  and  hence,  in  comparing,  as  ve 
shall  now  do,  their  rights  and  customs  with  those  of  the  tribes  th)d 
lived  north  of  the  Ohio,  and  belonged  to  the  Huron  and  Algonqoiii 
families,  we  mast  expect  to  find  among  the  latter  a  falling  ofi*  in  tl>e 
forma  and  ceremonies,  rude  as  they  undoiibtedty  were,  that  charaittr 
ized  the  religions  observances  of  the  tribes  with  which  we  have  bea 
dealing. 

fieginning  with  the  tribes  along  the  soath  Atlantic  coast  we  ftnd 
that  temples  existed  as  far  north  as  Virginia,  and  that  tbe  same  reli- 
gions customs  obtained  as  did  among  the  san-worshiping  nations  of 
the  lower  Mississippi,  t  Lawson,  Capt.  Smith,  and  Beverly  speak  of  these  j 
temples,  or  quioccosan,  as  they  are  called,  as  being  very  sacred,  noK  I 
bat  the  king  conjurer  and  a  few  old  men  being  permitted  to  enter  them.; 

'  Tylor,  rrimilire  Culture,  p.  288.     BostoD  reprint,  1S74.  ] 

lAftcT  describing  tlie  temple  anil  religions  cuBtoma  of  tbe  Natchez,  Lafitaa,  I'll- 
1,  p.  168,  Paris,  1724,  Rays:  "Quelques  peuples  de  La  Virginie  et  de  la  Ploridc  oit 
anaai  des  Temploa  et  a  pou  prts  lea  mAmca  devoirs  de  Religion."  "  Snnno,  Moom, 
and  Stnrre  aa  pettie  Ooda."  Harriot  in  Hakluyt'x  Toaagm,  vol.  iii,  p.  336:  LoDdca, 
181U.  "Adore  fire,  water,  lightning."  Capt.  Smith,  Virginia,  "p.  Zi :  London,  163:^ 
"Their  religion  consists  of  adoration  of  the  sun  and  moon;"  Carolina,  \iy  Thcnnw 
Ash,  p.  36:  London,  1682.  "In  the  morning,  by  breflk  of  day,  before  they  eil  nt 
drink,  both  nieu  and  women  and  cbildren  that  be  above  10  years  of  age,  mn  into  tta 
wat«r,  there  wanb  thenmelresa  good  while,  till  the  mm  riseth,  then  ofTor  sacrifiMloit. 
■trewtDg  tobacco  on  ttu- water  or  land,  honoring  tbe  Sun  as  their  God;  likewiMlli^ 
do  at  the  setting  of  the  son:  "•Observations  in  Virginia  by  George  Percy,  inPiircliii 
niyriiM,  vol.  iv,  p.  1690.  "It  is  a  generall  nile  nf  these  people  when  they  swenbj 
their  God,  which  is  the  Sunne,  no  Christian  will  keepe  their  Ootb  better  npou  Ikii 
promise.  These  people  have  a  great  reverence  to  the  Sonne  abnve  all  other  tliiiifli  »• 
tbe  rising  and  setting  of  tbe  same,  they  sit  do wne,  lifting  up  their  bands  and  eyes  t* 
the  Sunne,  making  a  round  circle  on  the  gronnd  with  dried  Tobacco;  then  lb*.' 
begin  to  pray,  making  many  Devilish  gestures  with  a  Hellish  noise,  fominf  si  tkt 
mouth,"etc.:  /frid.,p.l690:  London,  16^.  "They givegreatreveroncetoUieSaii:' 
Stracbey,  Riatorie  of  Travaile  into  Virginia,  in  publication  of  the  Hakluyt  &oeit*J, 
p.  93:  I^ndon,  1849. 

IBeverly,  Sitlory  of  rirginin,  part  ill,  p.  28:  London,  1705.  Lawson,  Cv«^>*- 
p.  211:  London,  1718.     Capt.  Smith,  in  Pnrchas  Pilgri«u,to\.iy,  p.  lljOl;  ImAi^ 

1625.  L.,j„...,.,;vGOOJ^IC 
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Tbelast-uBiued  writer  gained  access  to  oue  daring  the  temporary  abseoce 
of  the  gu:\rdiaiis,  and  fi'oin  the  account  he  has  left  of  it,  tliere  can  not 
tiave  been  much  diflVrenco  between  it  and  similar  buildings  among  the 
tribes  living  further  to  the  mtnthwnrd.  He  tells  ns  that  it  was  used  as 
A  receptacle  for  the  bonps  of  the  deceased  chieftains,  which  were  done 
np  in  much  the  same  manner  as  they  were  in  the  temple  of  the  Natchez. 
It  also  contained  a  human  figure  or  idol,  which  was  variously  termed 
Okee,  Qnioccos,  or  Kiwasa;  and  I  mention  this  fact  particularly,  as  it 
is  one  of  the  very  few  instances  indicating  the  existence  of  idolatry 
among  the  Indians  of  the  United  States  that  is  entitled  to  any  weight, 
thongh  there  are  reasons  why  even  this  statement  should  be  taken 
irith  many  grains  of  allowance.  Round  about  the  house,  at  some  dis- 
tance from  it,  were  set  np  posts  with  faces  carved  on  them  and  painted.  • 
According  to  Straohey,  tlie  jtriests  who  had  the  care  of  these  temples 
"mainteyne  a  continuall  fler  in  the  same  upon  a  hearth  somewhat 
neere  the  east  end."  Ilariott  speaks  of  "sacred  fires,"  in  which 
tobacco  was  offered  as  a  sacrifice;  and  in  the  plate  which  De  BryJ 
gives  of  this  t«mple  a  fire  i»  represented  as  burning  on  the  floor.  We 
are  also  told  that  these  tribes  "annually  present  their  first  fruits  of 
every  season  and  kind,  namely  of  birds,  beasts,  fish,  fruits,  plants, 
roots,  and  of  all  other  things  which  they  esteem  either  of  profit  or 
pleasure  to  themselves;  and  that  they  repeat  these  offerings  as  &e- 
qaeritly  as  they  have  great  successes  in  their  wars,  or  their  fishing, 
fowling,  or  hunting.  It  was  also  their  custom  to  offer  sacrifice  upon 
almost  every  occasion.  When  they  travel  or  begin  a  long  Journey,  they 
bum  tobacco  instead  of  incense  to  bribe  the  sun  to  send  them  fair 
veather  and  a  prosperous  voyage.  Likewise,  when  they  return  from 
war,  from  hunting,  from  fresh  journeys,  or  the  like,  they  offer  some  pro- 
|)ortion  of  the  spoils  of  their  chiefest  tobacco,  furs,  and  paint,  as  also 
tlie  fat  and  choice  bits  of  their  game,''^  in  which  latter  respect  they  did 
not  differ  fi-om  the  Creeks  and  Chickasaws.  |{ 

As  we  go  towards  the  north  the  temples  disappear,  although  traces 
of  the  rites  that  were  associated  with  them  remain.  We  are  still 
aoiong  tribes  belonging  to  the  AIgoni|nin  family,  and  their  religions 
U'lief  is  said  to  have  resembled  that  of  "  cognate  tribes  of  other  sfwks 

■  Compiiro  La  Vega,  Hialoire  de.  la  Floride,  preraiftre  pftrtie,  p.  267  el  'cq. :  Paris, 
170n.  Charlevoix  Lttier  na.  xiii:  London,  I7ta.  Da  Pratz,  Lo«Uiana.  vol.  ii,  p. 
3U:  London,  1763.  Fathur  t^  Potit,  in  Hift.  Coll.  of  Louisiana,  part  in,  nott^top. 
141. 

I  Virginia,  I.e.,  p.  90.    H.iriot  in  HakluyfH  Vogagi-ii,  vol.  ni,  p.  .330:  London,  1610. 

I  Admirattdn  .Vorrnfio, pl.ilc  xxii.  Franokforti  ml  Moenuin,  1500.  Biiverly,  Virginia, 
|t1at«B  li  and  xii:  T.nDdon,  l70f>. 

f  Beverly,  Virginia,  linok  in,  pp.  Vi  aud  43.  <'apt.  Xmilli,  in  Purchiw  PUgrlmi, 
v»l.  iv,  p.1702. 

lAdair,  Bi'lori/  of  thu  Xorlh  .imeriean    /nrfiirnt,  pp.   IIT-IIK.     Ho  nd<lH:  "  For- 
merly every  liiinler  observed  thn  rhiiib  ri'liKi»ua  economy,  but  non-  it  in  [irwliee'    i 
only  by  those  wbo  are  most  retentive  of  their  old  relit[ii"s  myBteries."  ■    ,■  v^tOO^IC 
H.  Mis.  334,  pt.  1 i5 
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aod  lineage,"  "  what«ver  that  muy  mean.  Amid  a  Uost  «f  sn|>eritatural 
beings  or  ManitouH,  hi}:  iiiid  little,  good  and  bail,  tboy  seeto  tobave 
recogni/.ed  I^liclialmu  or  iVtabocan,  tlio  gicat  hare,  as  the  cbief.t  Ac- 
(soi-diug  to  Schoolcraft,  tlu-y  "  lociftttl  bim  in  the  siui  or  moou,  or  in- 
definite Kktt>s.  In  their  pii'torial  scrolls  they  painted  the  eun  asa 
man's  bead  Knri'onnded  with  ray»,  and  api>earc«l  to  eoiifound  the  sym- 
bol witli  tlio  unbstiince.  They  attributed  light  and  life,  vitality  anil 
intelligence,  the  world  over,  alike  to  Monedo  aod  to  G^zis,  tbe  siiu."t 
Of  the  religious  rites  of  these  tribes,  our  act-oimts,  tbougb  not  so 
fill!  and  explicit  as  might  he  desireil,  are  atill  sufiBcicntly  so  to  indicate 
most  clearly  the  existence  of  tbe  same  foi'm  of  worship  as  that  whicb 
prevailed  among  the  tribes  of  A'irginia  and  Florida.  The  Chippewas,i 
as  we  have  seen,  kept  np  the  eternal  fire  until  comparatively  recent 
times.  Tkey  said  they  hiul  received  the  institution  from  the  Shairnec?. 
and  this  is  probable,  as  that  tribe,  altliougb  belonging  liuguisticatly 
to  the  Algonquin  family,  was  more  or  less  closely  connected  with  the 
Creeks,  Natehez,  and  other  snn -worshiping  tribes  of  tbe  South,  ii  and 
must  perforce  have  lieen  familiar  with,  if  not  a  sban^r  in.  their  religious) 

■SclnHilcmn.  iHdiam  Ti-ib<»,  vol.  v,  p.  40-J.  Harlot,  a.  D.  ISf^C,  HiKakiii);  nl  thr 
Virttiniit  Indians,  nayd:  "T1i»y  Wlievr  in  many  goils  and  in  one  rliiof  Cioi).  \rliu  U 
etemul  ami  the  creator  of  tlie  w^riil.  After  this  he  rreatetl  an  order  of  iitfrriorgodi 
to  rarry  out  hix  ei>vi-mmi'nt.  nniiiuf;  whimi  nerr  the  Bini.  moon,  anil  stars.  Tbe 
uritteni  wrv  then  itindc  ont  of  nhiili  l>y  the  g<id»  came  all  liviu};  creatiireH.  Bt 
ueil  rreuteil  a  woman,  wli«,  by  lUe  '  «iirkin[; '  wf  one  of  the  gotl^.  I>ruii|;bt  forth 
cliildreu,  (unt  'in  such  sort  tbey  bnd  their  lieyinnitiK.'  They  tliougbt  tbe  go<l«  vtfre 
all  of  human  shnpi',  ami  ei>  reiirp^euteil  them  iu  their  temples  whi-rc  thev  '  irarsbi]i, 
HID);,  pra^i  anil  make  many  limen  otlerin;;  unto  them.  They  believed  in  the  immor- 
Mlity  of  tbe  aonl,  which  was  destined  to  fittnn-  happiness  in  heaven,  or  to  iiibahii 
PopugUKHi.  u  pit  or  place  of  torrat'Dt:'"  Hnkluyt.  rujmijri.  vol.  iii,  p.  336:  LodiIoo, 
1|410.  This  ucronnt  is  so  evidently  rulured  by  Christian  ideas  that  it  is  aliiiMl 
worthless  fur  purptises  uf  (-omparisnu.  and  the  same  mny  be  aaidof  Da  Pratz'n  state- 
ment of  the  religious  belief  of  the  XutiheT.  in  ivhirh  the  interpolatious  are  even 
more  marked.  Kor  obvions  n-asous.  the  stnily  of  the  teligiooB  lieliefs  of  the  abo- 
riftiiies  is  attended  «ith  many  ditttinltie.'t.  thuii>;h  I  am  incline<l  to  think  that  Fark- 
man  is  not  far  ntKui;  nbeii  he  as«etbi  that  "the  primitive  Indian  fielding  faisnn- 
tutored  huma^  to  t>ue  .Vll-pervadini:  and  Ouniipolent  Spirit  ia  a  dream  of  pnels. 
rbetorii-iaiis,  and  senlimeulali*ts: "  Jtgailt  ia  yurlk  Amrrira,  p.  Ixxxis  of  the  pie- 
faee:  Itostiui,  l!^7. 

li-harlevoix.  IrtUrt,  p.  1>(^.  Ijt  IVlherie.  »»i.»-ir  Jt  F  Amfriqut.  vol.  II.  f-  3: 
Pari*.  IT:^. 

tSehimleTalt.  ludiam  Tribr:  vol.  v.  p.  ti'J. 

^:^el•  uHlr,  fiHil-nnte  i>ii  p.  "v".  ■■  Vesrises  oi"  tlie  lormer  prevalenee  of  fire  sorahip 
e^i>t  I'ver  itiitiieiise  i<itai'es.  and  ti»  nirs  jce  ti>uutl  to  lie  at  the  ftnuidatioa  of  the 
aborij:iii.it  tiiijii.-n  thioii>;li.nit  ih.'  a™.:raplii.  al  area  of  the  Tniled  :?tate«.  In  on' 
t>f  the  Imli.iii  Iriditik'us  the  pre^tervattou  »f  a  sacnil  tire  is  earrieil  Iu  the  bank«  of 
Uike  Su(«eriiir:  "  S^'hvK'Ii-nll,  Imliua   T'-'v.  vt'l.  v.  p.  tM. 

1  lr,*.-,.;,-,iu  im,H.uH^.\y.\.i.'p.-J7X  A.lait.  H.,/.  .V-.fi  .l«<r>«« /■*■««.  p. 410. 
■-lU-,  .<;.(.»  ,./  (i<  I  ->.t  l.«i.'i,.  pp.  lii-l-i.  l.aw$vn.  r«r»))H.  p.  171.  Ch«- 
,  .Vu»r.;r,  frum.t.  lol.  I,  p.  l-,'  Piri*.  ITll.  /r,'uW.,r'  ratlrrliomt  of  lowiti*— 
(u:../..,  new  wri,-^  (v.  II'.;:  N-.w  V.iri...  1nS»,  Wiltorl.  JToMin  nr  fr ''nrl.  p. 
•aris,  ISiy,      S>-h.-..K-ralt.  l..h„m   rr.*,,,  v,>l,  >  .  i,,  smi. 


THE    MOITND8   OF   THE   MISSISSIPPI   VALLEY.  547 

obAervaucp^.  ludeed,  the  "ceremony  of  tbaiikKgiviu);  fur  the  Drat 
friiitfl  of  tlie  earth,"  as  observed  among  the  Shawnees,  attended  as  it 
was  by  a  general  atniiesty  foi'  at)  crimes  except  nnirder,  and  alBo  the 
cnBtom  of  "saspeuding  the  head,  horns,  and  entrails  of  the  animals 
killed  fur  the  sacriflce  on  a  large  white  pole,  with  a  forked  top,  which 
eitends  over  the  boune,"  *  are  so  similar  to  the  same  ri  ten  as  practiced, 
respectively,  among  the  Cceekst  and  the  Indians  of  the  Floridian  Pen- 
insula^  as  to  leave  no  doubt  upon  this  point,  even  if  we  had  not  posi- 
tive assnranoe  from  other  qnarters  that  tbey  looked  upon  the  sun  as 
the  Great  Spirit,  for  the  reason  that  he  ''animates  everything,  and 
is,  therefore,  clearly  the  master  of  life."  §  The  Delawares  were  closely 
«inne<!te<i  with  the  Shawnees,  and  apjiear  U>  have  had  many  of  the 
t-ame  religions  ceremonieR.  They  ofl'ered  sacrifices  of  tobaccx)  to  the 
!tuii,||  and  bad  a  festival  in  honor  of  fire,  which  (Lieut.  Whipple,  in 
vol.  in,  p.  20,  of  the  Ejplorations  of  a  Railroad  to  the  Pamjic)  "they 
renew  once  a  year."  They  also,  according  to  Van  der  Donck,  swore  by 
the  sun,  saying:  "that  he  sees  all.  They  regard  him  and  the  moon 
as  being  better  than  all  the  Christian  gods,  for  they  warm  the  earth 
aod  cause  the  fruits  to  grow."1[ 

Among  the  New  England  Indians  the  same  form  of  worship  pre- 
vailed. Boger  Williams  and  otliers  tell  us  that  they  worshiped  the  - 
Bun  for  a  god,*'  and  had  a  festival  at  harvest  time.H  This  is  confirmed 
by  Cotton  Mather  so  far  as  relates  to  the  worship  of  the  sun  and  moon, 
aud  he  adds  that  tbey  believe  that  every  ri-niarkable  creature  has  a 
peculiar  god  within  it  or  atrant  i  t.Jt  I>i  the  famous  Dtgh  ton  rock  inscrip- 
tion which  stands  in  the  country  once  held  by  the  Wampanoags  the 
symbolof  the  sun  was  discovered  by  Chingwank,  the  Algonquin  Meda,§§ 
aod  in  this  same  region  lived  tlie  Narragansetts,  wh<>,  according  to 


'  Arckaologia  Ani^eana,  vol.  I,  ji,  USti. 

ISee  above,  note  1,  on  pn)(p  543;  anil  I.alitaii,  vol.  i,  p.  ISO. 

ILe  Moyne,  in  De  Bry,  pi.  xxxv.     t'ranckfurti  ad  Moeiiiim,  1591. 

(Uiegg,  Commerfto/  thr  Pi-airieii,  vol.  ii,  p.  237:  New  Vurk,  IHij. 

tLoRkiel,  HUlory  of  Ihe  Hiitliin  of  tkt  Vnited  Brethren  (Jmomj  the  Indiant  of  North 
AmtTKa,  pp.  41  av.d  43:  London,  1794. 

fin  Collfctii»i»  2it«!  Tark  ISiil.  ^'.,  new  neries,  vol.  i,  pp.  213-14.  Compare /)oc. 
Bitt.  of  Xrto  York,  vol.  in,  p.  22. 

•■Williams's  Kqi.pp.  39-77-110.  "Some for  tlieirCoil  ndorn  tUo  sun;"  Gookiii,  in 
VM.  Ma»a.  Bitt.  8oc.,  first  series,  vol.  i,  p.  154,  "  Devotion  to  tlie  principles  of  buu- 
worship  -  -  •  BpreHd  to  the  proniiueut  peaks  iif  the  Muuadnock  iind  tu  tlie  waters 
of  the  NairagauMtt : "  Schoolcraft,  Indian  Tribes,  vol.  v,  p.  104.  "lis  croyout  itii 
Uien,  ce  diseot  ils:  majs  il  ne  eoiut'Ut  le  nommer  qno  dii  nom  dii  soletl,  -  -  • 
qosnd  ils  etoient  en  necessiti^,  il  prenoit  "a  robe  sucri^i',  et  hc  tonruant  vers  rOricnt 
itiiait:  Nostre  soldi,  on  nostre  Dien  doDue-iioiis  a  manger:"  Relation  dea  Jenaitfii. 
*.  i>  1611-1522,  vol.  1,  p.  20;  Quebec,  1858.  Indians  of  Martha's  Vineyard  "  begged 
ofthe  sun  and  moon  -  -  -  to  scndtliem  tbe  desireil  fitvur;"  Mau.  Hitt.  Coll., 
litBt  serins,  vol.  I,  p.  140. 

tl  Williams's  Seg,  p.  111.  _,  . 

IJMagnalia,  vol.  I,  p.  50!>;  Hart  ford.  18a).  DigitizeabydOOylC 

if  Schoolcraft,  Indian  Tribei,  vol,  v,  p.  64. 
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WuieJow.  "  had  a  great  spacioa»  bontte,  wbereio  only  some  fev  (thit 
«#,  as  we  may  term  them,  priests)  come;  tbitlier  at  certnin  kuown  timea 
TV«ort  all  their  people,  and  offer  all  the  riches  they  have  to  their  gods, 
as  kettles,  skins,  liittehet»,  bea<U,  kDives,  eto.,  all  of  which  are  cast  by 
thf'  priests  into  a  ^rreat  fire  that  they  make  in  the  midst  of  the  houw 
autl  tl»'re  eonsiiiiied  to  ashes.  To  this  offeiiu;;  every  man  broagbt 
(Vfely,  antl  the  inure  be  is  known  to  brio;;,  hath  the  better  esteem  of 
all  men.  This  the  other  Indians  atwut  ns  approve  of  as  good,  aud 
with  tht'ir  sachems  would  appoint  the  like.***  Farther  to  the  east  the 
8*,>unt|uttis,  as  we  are  told  by  Father  Sagard.f  had  the  same  form  of 
w«kr!ithi|t. 

In  tht>  Norlhwest,  the  snn  and  tlmnder  were  the  ;;«ds  of  the  tribes 
that  UvihI  imnind  <>reeu  Bay,  and  in  all  that  region  out  of  which  were 
»Hbs»HnientIy  formed  the  Statesof  Wisconsin  and  IIUno)s4  When  the 
llUnol!)  came  U>  mee,t  Marqnette  on  the  occasion  of  his  voyage — the 
tlwtt  ever  mmie  by  a  white  man — down  that  i>ortion  of  the  Mississippi, 
(h»\v  nnin'hed  slowly,  lifting  their  pipes  to  the  sun,  as  if  offering  them 
to  Uiin  to  Buioke.  They  also  make  a  similar  offering  to  him  when  tbef 
wliih  to  obtain  calm,  or  rain,  or  fair  weather.§  Among  the  OttawafvOf 
Michigan,  prayers  were  offered  to  the  sun,  and  tobacco  was  humeri  as 
It  mici'iflce  to  the  same  deity,||     Indeed,  the  use  of  tobacco  as  an  offerinj! 

•  I'lirchiM  Pilgrimi.,  vol.  iv,  p.  ISGS:  London.  1625. 

t  V„yage»de>  Iliiroaa.ji.  226:  Panx,  1632.  "Soloil  i|iii  iln  nnt  adon-etiinia  ton- 
Juiim  H6  r  objcpt  coDRtnnt  Av  Iciir  eulte,  "Ic  leiirs  lionnnageH  et  iIb  Iruc  alteration:' 
.VuHi'ct/e  Kelalion  Ue  )a  OaHpcaii',  p.  166:  Paris,  1691.  "tls  appellent  ]a  SolrU 
JniiiiM.  '  ■  -  De  la  vieiit  que  qiiaml  uoiih  faisoiis  unit  prlfern  il  Iviit  Mmble  qar 
niimniD  eax  nana  aililresaoua  noa  pri^^e  hu  hoIciI:"  Rflaliutt  de  la  JVnxrflfc  fraft 
Id  V  autt^  1626.  p.  4:  Qnebcc,  1858. 

tPnther  Marquette,  iu  Itelalioii,  1670,  p.  90.  (.harlcvoiK,  Utltm,  p.  210:  Lon- 
don, 1763.  "Some  of  the  savagen  will  confess  -  -  -  tliut  tha  Snn  is  (ioA :  •'  »en- 
l)«pln.  Voyage  into  a  Nciplg  Digrerrred  Coantrg,  p.  iiH:  l.oiidoD,  16EM.  Father  Mar- 
quette,  lu  Diieortrg  and  Erphralion  of  the  Miiih'iiipi,  \i.  51. 

i  ^frfiifioRof  FatherMari(uette  (a.  n.  1678),  i.  c,  pp.ai-22-35:  New  York,  WiL'.  Tlif 
81(iux,  tliough  beloDging  to  a  different  liiignitttir  family,  and  living  on  the  otber»ideaf 
the  MlMiaaippi,  hud  similar  customs.  Arrordingto  Hennepin,  who  is  not  al  wsvAxood 
authority,  bnt  who  irny,  I  think,  be  followed  in  this  instance,  "  they  offer  aim  to 
the  Sun  the  best  Part  of  the  Boast  they  kill ;  -  -  -  also  the  firat  Smoak  of  Iheir 
Calnmete,  '  -  -  -  which  makes  mn  believe  thi-y  have  a  religiouR  veneration  for  tbe 
Sun:"  New  Ditcoreri-d  Countri/,  etc.,  vol.  i.  p.  IJO:  London,  169K.  romjuie  on 
this  point  Rehooleraft,  JadiOH  Tribeg.  voL  iii,  pp.  236-7,  and  Nuttall,  Arkawf  Tit- 
ritors,  p.  2T6:  Philadelphia,  1821. 

II  Un  viellarddes  pins  consi<le rabies  ile  la  Itonricade  fait  fouctiuD  de  I'W'tTe;  ili'om- 

monco  par  uno  Haningue  i^tndir'p  un'  il  nddr<>!uie  im  Soleil;    -    -    -     il  derlare  rwil 

hunt  i[U  'il  fait  sea  remerciemenH  &  vet  astre,  de  ce  (jn  'il^  a  i^clairr  ponr  (ner  beimiiw- 

nieul  qni-lquobfite;  illoprieetreshortepiireefestinaliuitontinoerlessoinsi-htril*- 

bleaqii'il  adoHu  famillc.     Pendant  eel tciiivociit inn,  li>nBli'H('onvi''Kniant!enl'lii>qu' 

au  <li>rnior  mon-eau :  aprca  i|Uo)  un  homm<-  deatinr  n  roln  pti-nd  nii  jutiu  do  PetNH,  ^ 

nimpt  en  deux  rt  le  Jetto  diuis  li-  leu.     Tout  \>-  inonde  erip  peudaitt  iiiie  !<•  jN-tiii  " 

<-t  <in<'  la  t'nni'>>-  mont.-  eii  lintit :  .'1  .ivr  •■•*  iliinx-iin'tiTniiiie  Ic  sairifirr:*' 

.1.  II,  |i.  l:ll.     ■■Siuriii...  to  ilio  Sun:"  Li.  Iloutuu,  voL  11,  p.  32.    BeMf 

I'M-.,  pji.  7,  11:  (^utbi^c,  1858. 
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sMiiiH  to  h)iv(i  beeu  univeistil  itiiuing  tlie  Aiiit>i-ii-iiii  liidiatiij.  Cbaile- 
voix*  and  Iiitfltaat  Ixitli  Hiwak  nf  the  jiiaetii'^i!  as  bctn^  jreoeral,  and 
tlidi-  statouieutsi  an-  coiitiniu-il  by  writers  who  havu  left  ns  aceouuts  of 
tlie  rjt«s  and  cvreuioniuH  au  piiictii-cd  liy  tlu*  iliBV'i't-nt  tribes*.  Thas 
Hariot,  who  wrote  ui  the  latter  part  of  tLe  aixteeutli  century,  tells  us 
that  this  plant  was  held  in  saeb  esteem  by  the  lodiaiiH  of  Virginia  that 
they  imagined  that  their  gods  wei*  pleased  when  it  was  offei'ed  to 
tbem.  It  was  for  this  reason  that  IVom  time  to  time  they  built  sacred 
fires,  on  which  tliey  biu-ued  this  plant  as  a  sacrifice.  He  also  adds,  that 
vheu  they  are  surpristtd  by  a  tempest  they  strutter  it  iii>ou  the  water  or 
throw  it  up  in  the  air;  and  they  nlt^o  put  it  in  their  uewnetM  in  order  to 
insure  snecess  in  Ushiug.}  There  was  also  something  of  a  religious 
character  in  the  pnuitiee  commou  among  all  the  Indian  tribes  of  the 
Uuited  States  of  smoking  the  calumet  as  a  prelituinaiy  to  any  treaty,  or 
bitrgaiu,  or  agreement  of  any  kind.  AccordiDgtoOharleToisthelndians 
claimed  to  have  "received  the  calumet  from  the  Fanis,  to  whom  it  had 
been  given  by  the  sun,  and  they  held  it  so  sacred  that  there  was  prob- 
ably no  instance  of  an  agreement  made  iu  this  mauner  that  was  ever  . 
violated.  They  believed  that  the  Great  Spirit  would  not  leave  such  a 
breach  of  faith  unpunished.  -  -  -  In  trade,  when  an  exchange  has 
been  agreed  npon,  a  calumet  is  smoked  in  ordei  to  bind  the  barguu, 
and  this  makes  it  in  some  manner  sacred.  ■  -  ■  There  is  no  reason 
to  doubt  that  the  Indians,  in  making  those  smoke  the  calumet  with 
whom  they  wish  to  triule  or  treat,  intend  to  call  upon  the  sun  as  a  wit- 
ness and  iu  some  fashion  as  a  guarantee  of  their  treaties,  for  they  never 
fail,"  so  the  old  chronicler  tells  ns,  "to  blow  the  smoke  toward  that 
»tar.''§ 

■  "They  make  to  all  thene  Spirits  ilifferent  sorts  of  offeriusB,  which  yoo  may  call, 
if^oo  pluose,  sacrlGcFH.  They  thrim  iuto  the  Klren  and  the  lakes  Petum,  Tobacco, 
or  birds  that  ha\e  had  their  throats  cut.  to  render  the  Uod  of  the  watera  propitioua 
to  them.  In  honor  of  the  Kiiii,  and  sometimeti  aUo  of  the  Inferior  Spirits,  they  throw 
into  the  Fire  Part,  of  every  Thin^  they  use,  and  whi<;h  they  ackuowledifc  to  hold 
rtom  them.  It  Issometiuies  out  of  Gralitudu,  hut  oflener  through  IntercHt:"  LetUrt 
p.  252. 

)  "II  est  certain  <|ne  le  Tabac  est  en  Anieriquo  une  hcrbe  couHacr6  a  gilusieure  ex- 
crcii'As,  et  a  plueieuA  usages  de  la  Keligion:"  Uoeurn  dte  Naaragti  Jnieriqxaina, 
vol.  II.  p.  133,  el  »e<i..  aUi)  vol.  i,  p,  179.  Kchoolcraft,  vol.  vi,  note  to  p.  109,  says: 
"The  Nicotiana  was  smoked  iind  oflercd  ae  incense  to  the  G rent  I^pirit  by  all  the 
Dorlhern  tribes." 

;H.-ik1iiyt.  rogaijes,  val.  ttl,  p.  330:  Loudon.  1810.  (Compare  Cham  plain,  p.  208: 
Taris,  1632.  Sagard,  Voyage  dei  llHrotfi,  vol.  i,  p.  151:  Piiria,  1S4>5.  Bartram,  p. 
179.     Kelatio*  en  P  annh  l(i;l7,  pp.  108-144. 

} (Charlevoix,  Lellen,  pp.  133,  et  'eq.:  London,  17fi3.  Biirtram,  in  hia  MSS.  quoted 
io  StrptHt  Sgmbol,  p.  69:  Novr  York,  1>^\,  aayn  of  the  Creeks:  "They  pay  a  kind  of 
homage  to  tbeSnn,  Moon,  and  Planets.  -  -  -  They  seem  particularly  to  reverence 
<lir  Son  aa  the  symbolorthe  Power  and  ReneGccnceof  the  Great,  Spirit,  and  ashis  min- 
ister. Tbua  at  treaties  they  first  pnff  or  Mow  the  smoke  from  the  great  pipe  or  ealii- 
niel  t«varda  that  luminary;  iiud  tliey  hiok  up  to  it  with  great  reverence  and  ?!*?;,[.. 
DMtaess  when  they  confirm  their  talks  or  sp^chee  in  council  as  a  witness  of  tuitS 


in.    Il 
jW  »•  a''   '.  >••     ...r  -..^  11--  •>i.-t   lun   JK  1  luds*-  rf  ikar  anecnty. 

f  m    «*.»    i  -.-.I-    '^jr  I     .r    .,:    Urrj-l.,    IIUI.  T-M.    T-«UL  jmOBAtkeftt 

'ii. :  'f 'umr  »ii.  '  ti.'  u-  r  iuni.  >riaJ-*  n  tie*i  lii^  *«»A  LafiUa 
rt'.^.»*  v«'  ^-  ':;•!'  j-"--^!™  uiif  -t.r'^^a.tw'  in*-  digL,<».^  is  md  to 
■-*  i.i^i.f.i- ,.  u*  »ii-  i  *t  -i'  "u-  Zlcoj*-  mtt  TJit-  Lrti^atts.  vas  bnt 
i.-fiTuy  i:uiiA  i  f  ":»•  *i.u  — -(rill  -r-K*  -nier  !■  T-.i.ry  w-  b^  vas  thitot 

i  '    '1^  A.II.*— (f;.,.  *.  *•      Zj^   K  H-.i  1  —tLlr-Tlr'  -|*^  iwf  4*  dMT  »-«>r^put 

' .  >  ji.u  u*ir; .  *  \A  n<  »  'i;i.-  »-it-?i  -  t.i-i  *i_v  tbfr  ad«V  God  id  the 
f.x  rx:%*s  -  .-Mi  X  k  -'■**:   .?  k  m  tij.- i^i^"  -itwr  sBFrn-  is  th^  tbey 

•  vr.«*  '.-■  i.:  .1  .■*  -^j*  1^"-,-  li  ;<i  ■-  I-.  ;.;i-L-Xf  ;<■  iW  ■«*  plorii«* 
..'.J  '.-.Jt-T  -A.--..'*  fc*  •■-i.,-    A^-.'-ii:^  '...  La£i9al  ibey  bMl  no  ten- 

;*»-*'>5  -j'S  iij-r  t*!*-.  t."  •  ;»^t«-fc.' i--v:  u;  V'A<3tbrs«vas  not  a  vce 

•  jf*i  ^1;'.4  M  7  *-.''•-  ■.•-..A.Lx -.^  *!•' r  r.".  xsd  no Btatioii  of  any  sncb 
,  -•'."•,  v-o  .i  ».-.j  'y  •:;^-!>Lt-j,-.-~«4'-b*J«-i^it  Fatb«TS.  TTiishow- 
•-1**  «w.  L«  :.j  V  «^,  .  -^l-rwi  (i-^  :-:r»-  <«f  tW  p(«tit,  sidw  we  art  fiven 
T/,  M;>i»».taj:,'i  •:,^t  tt^r-*  tr.'-,-»  L^  los  many  *rf  llit-ir  religions  mis- 
UiUf.i  a;.'l  ift  tl.-» -.'e.-yf-LriMt; -n  are  a«saivd  tliat  tbe  fireontheii 
liftaitra  trek  •t'r  f.V:*r  uf  an  altar,  and  that  as  was  tbe  rase  aniODgtb« 
i'rt*:k*r.iuil  fyuniikomt.  ili«rir  "iroaueil  faoai^esEen'ed  tliemastetnpleK.' 
tieariiis!  api^a  thi-  p'dbt  and  as  an  endence  of  the  ideutity  of  th<^ 
reli]^'>a4  rit*«  and  (-ercmonio  «*erywbcpe prevalent,  we  may  note  thai 
iince  a  year  they  were  acctmtotned  to  put  oot  all  the  fires  of  the  tribe 
and  to  rekindle  them  with  fire  supplied  by  the  priests,t1  aswaatfaf 
eawe  among  tbe  Sontbeni  tribes.  Morgan  it  i»  tnie  does  uot  meotiuii 
this  custom  in  hix  account  of  tbe  Iroquois  festivals,  but  be  desoribf' 
the  practice  of  ^'stirring  tbe  asbes  on  tbe  heartb,"  which  took  place  at 
their  New  Year's  Jubilee,"  and  it  is  possible  that  there  may  have  been 
some  coDoection  between  tbe  two. 

Among  their  sacritices  there  were  some  that  seem  to  have  been  pe- 
culiar to  tbe  nortbera  nations.  ThuH,  for  iostiince,  although  tbe  dog 
was  a  favorite  article  of  food  among  the  tribes  both  north  and  soottof 
tbe  Ohio,  and  was  not  unfreQuently  offered  as  a  sacrifice,  yet  I  do  dM 
find  that  anywhere  else  tbey  "  hung  him  up  alive  oft  a  tree  by  tbe  hind 
fuet  and  let  him  die  there  raving  niud.''tt    They  were  in  tbe  habit  of  ei 

contracla."  "Osngcs  smiike  to  (iotl  or  In  tbe  ^tiii:"  Nnitnll.  Jrtmam  Taril^hf- 
ffi:   Philadelphin,  1821. 

•  Jfwxr*  del  Saiiragn  JmeriqKaii 
tha  Huutun,  f'njrui/F'j  vol.  ii,  pp. 
t  LiiliUu,  rul.  I,  p.  IBS. 

♦  I*..i„  vol.  1,  pp.  :'«;-»ll. 
|/ft.J..  vol.  1,  p.  1K7. 

H  S.h,H>K ran.  \.i(«  UK  IHr  ln-qaoi».  p.  ST.:  ^'*m  York.  IKM. 
'■WwnSfit  (.«*■..■/  (**  /•v^B.u.  p.  1V7,  fltni.:  RocbesMr. 
"  I  im  III.  \\»1  I.  n  lj»>.  *,•>»  thai  tht*  etisiwn  pr<pT;iil«4> 

Vl^l    V'B\'1>.(«v*  ItltVs  Iv  thr  Utilb.  but  i 
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posing,  on  tbe  tops  of  tlieir  otbiiiK,  Htriut^s  and  iifckluces  of  beads, 
bnucbesof  com,  HUd  evfn  aninials,  whk-lt  ttiey  coDHeorated  to  the  son. * 
They  also  made  burut  olferiiiKs  to  tlie  sam<!  divinity  of  corn,  of  aiiimalH 
taken  in  the  cltase,  and  of  tobacc<t  oi'  otlier  plants  that  served  tbem  in 
it.t  place,t  in  much  the  snine  nianiier  as  \r:i8  doiie  among  tlie  tribes  be- 
longing to  the  Algonquin  uud  Appalachiau  families.  lu  tbeir  nar  sac- 
rifices tbe  Iroquois  tnke  "tbe  leg  of  a  deer  or  bear,  or  some  other  wild 
beast,  nib  it  with  fat,  and  then  throw  it  on  the  fire,  ]>raying  the  snn  to 
accept  tbe  offering,  to  Ugbt  their  jtatlis,  to  lead  thein  and  give  them  the 
victory  over  tbeir  enemies,  to  make  tbe  corn  of  tbeir  flelds  to  grow,  to 
(rive  them  a  successful  hunt  or  lish." J  Tbey  also  had  their  annual  festi- 
vals, among  which  that  of  the  green  corn  was  one  of  the  most  impor- 
tant. It  was  celebrated  when  tbe  <;oni  became  fit  for  use,  usually  lasted 
xeventl  days,  and  was  the  counterpart  of  tbe  feast  of  tbe  Busk,  as  ob- 
served among  the  ludiaus  of  the  Gulf  States.  Morgan  paints,  with  a 
loving  band,  the  simple  reremoniCB  with  which  the  Iroquois  of  lator 
times  were  wont  annually  at  this  festival,  to  retnrn  thanks  to  tbe 
Great  Spu-it  for  bis  bounty,  and  to  solicit  a  continuance  of  bis  favor 
and  protection.  It  was  at  this  time  that  tbeyofl'cred  a  sacrifice  of 
tobacco,  believing  that  they  could  coinmnnieate  with  bini  through  its 
iticen8e;§  and  in  their  prayeis  tbey  returned  thanks  "to  our  mother, 
tlie  eartb,  which  sustains  us;  ■  •  -  Ut  the  com,  and  to  her  sisters, 
tlie  beans,  and  tbe  squasltes,  whivb  give  us  life;  -  -  -  to  the  sun, 
that  he  looked  upon  tbe  earth  with  a  benificent  eye,  and  lastly  to  the 
Great  Spirit,  in  whom  is  embmlied  all  goodnCKs,  and  who  directs  all 
things  for  tbe  good  of  bis  children."  || 

Thus  far  we  have  been  considering  tbe  religious  rites  and  customs  of 
tbe  different  tribes  of  Indians  that  occupied  tbe  eastern  porti<m  of  the 
Mississippi  Valley,  and  we  havft  seen  that  there  was  a  general  same- 
ness pervading  tbem,  and  that  all  grew  out  of,  or  were  connected  with, 
the  worship  of  tbe  snn.  If  now  we  turn  from  this  tbcnie  and  examine 
into  their  myths,  we  shall  find  that,  though  tbe  ]iath  be  different,  yet 
it  leada  to  tbo  same  result. 

Accepting  the  Natehez  as  a  tyi>e  of  the  group  of  Sontbei'n  tribes,  we 
are  told  that,  ages  ago,  a  child  of  the  sun,  who  saw  and  pitied  their 
disorganized  condition,  came  down  with  his  wile  for  tbo  pur|>ose  of  es- 
tablishing order  and  instituting  religious  rites  and  ceremonies  among 
them.    He  gave  them  certain  pn'(-ei)tK — political  as  well  as  religious — 


ss*ert8ili>falltl]e!niliaiuiof('nund.i.     S.-.^  Lftter,  p.  r.2.     C.nipur. 

.  /.M3« 

<■  of  the 

Iro^noi,,  pp.  207  ft  »fq..  iind  MrK.-niie.  IHntors  of  Far  Trndf.  ijiiotod  ii 
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-Ch.irlpvoii,  LftUTH.  p.  25'J.     Laf.tuii,  v.-l.  I.  p.  IWl. 

ILafitan,  Tnl.  l,p.  179. 

I  Aid.,  vol.1,  pp.  208, 209;  l-.-iri-.,  17J4. 
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for  their  better  goveiument ;  au(i  liaviug  conducted  tlieni  into  a  better 
laud,  lie  became  at  last,  afU.'r  miioli  snlicitattou,  tUeir  Mtvereigu.  It 
was  tlin>ugb  liiin  that  tU<'  Nat^rhez  claimed  tbeir  descent  from  the  nun, 
and  from  btm  they  took  the  official  title  of  their  crliief.  This  is  the 
iiij'tli  a»  told  by  Uu  Pratz,*  and  tliougli,  iiiifortuiiately,  the  rehgioii» 
precepts  which  are  said  to  have  been  iiiciiicated  bear  a  most  suspicious, 
and,  under  the  circumstances,  absurd  likeness  to  the  Ten  Command 
ments,  yet  it  is  possible  that  the  rest  of  the  story  may  be  genuine. 

Among  the  Algonquin  tribes  \ee  are  on  firmer  ground.  Hereve  I 
have  the  old  story  of  "the  conflictbetweenli^ht  and  darkness,  in  which 
the  former,  personifieil  under  the  name  of  Michabo,  is  the  conqueror. 
He  is  the  giver  of  light  and  life,  the  creator  and  preserver,  •  •  - 
and  in  origin  and  deeds  he  is  the  not  unworthy  personification  of  the 
X>urest  conception  tliey  possessed  of  the  Father  of  All.  To  him,  at 
early  dawn,  the  Indian  stretched  forth  his  hands  in  prayer;  andtothe 
skyorthesunashishome"!  or,  it  may  be  added,  as  his  representative, 
or  as  this  deity  himself,  he  offered  the  first  whiff  of  his  morning  pipr. 

Among  the  Huron-Iroquois  we  find  the  same  myth,  though  under 
different  names.  With  them  the  contest  was  between  loskeha  and 
Tawiscara,  names  which,  according  to  Brinton,  signify,  in  the  Uneida 
dialect,  the  White  one  and  the  Dark  one.  "  They  were  twins,  bom  of 
ft  virgin  mother,  who  died  iu  givinjf  them  life.  Their  grand  mother  ww 
the  moon,  called  by  the  Ilurons  Ataensic.  .-  -  -  The  brothers  quu* 
reled,  and  finally  earae  to  blows,  the  former  using  the  horus  of  a  stag 
and  the  latter  the  wihl  rose.  He  of  the  weaker  weapon  was  very  nat- 
urally discomfited  and  sorely  wounded.  Fleeing  for  his  life,  the  blood 
gushed  ftom  him  at  every  step,  and  turned  into  flint  stones.  The  vii' 
tor  retorned  to  his  grandmother,  and  established  his  Imlge  in  tbe  far 
east,  on  the  borders  of  the  great  ocean  whence  the  sun  comes.  In  time 
he  became  the  father  of  mankind,  and  the  special  gnardian  of  the  Iro- 
<)oois.  The  earth  was  at  first  arid  and  sterile,  but  he  destroyed  tlw 
gigantic  frog  which  had  swallowed  the  waters,  and  guided  the  tonents 
into  smooth  streams  and  lakes.  The  woods  he  stocked  with  game:  and 
having  learned  from  tbe  tortoise  how  to  make  fire,  he  taught  his  cbii- 
dren,  the  Indians,  this  indisi»ensable  art,"t  "Without  his  aid,"  Bay.^ 
Father  Breboeuf,  "they  did  not  think  their  pots  would  boil.  -  -  - 
He  it  was  who  gave  them  the  corn  which  they  ate,  and  who  made  it 
grow  and  ripen;  if  their  fields  were  green  tn  the  spring-time,  if  thev 

*  Bitlort  of  Loui/ianit,  v<>l.  II,  p.  175  rl  teq.,  and  Loudon.  1763. 

I  Kriatnn,  Hgtlu  of  Ihf  Xrir  ll'arld.  p.  IKt:  Xi-w  York,  lK7(i.  Conipnn  Schoolcnn, 
Indian  Triba,  vol.  \'.  pp.  402-117.  IMalion  lit  la  ,Vo<irf»«  fVaxw  en  l'  amir  liS''- 
lii!4,  pp.  16Bud  13  reajM-rtivel.v :  Qnebor,  l!ir>S,  Lalitao,  vol.  i.  pp.  136-1*5:  Pan.'. 
1724.    La  I'i>th«Tii>,  vol.  ii.  chapter  i :     Paii"  1751^. 

IThiis  far  I  have  copied  BHntiin.  Jfjdii  of  Ihf  -Vnr  JTorld,  p.  183,  who  has  W- 

lowe<l  Father  Breboeuf,  RrlalioH  de  la  Xourfllr   France  m  I'   annt^,  1636,  Mconde 

*i.',  chap,  i :  Qneber,  IBW.     in  what  folloirs  I  prefer  to  stick  to  the  teit  of  li' 
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^tliered  pleutlful  liarri^stH,  nnd  their  <:nbiiis  ovcrtlowMl  with  griiiii, 
they  owed  thaiikn  to  iii»  om-  «av«  loskf^ha,"*  llie  sun.t 

Til  is  eouipIetoM  uur  liriet'  t-xainiiiatioii  into  tli«  roligioiiH  l>elief  and  <'iis- 
tomK  <if  the  Aineriran  Indians  XWinn  east  of  the  Mississippi  and  south 
of  the  Great  Lakes.  In  it  wv  liavu  ^huH-ed  rapidly  at  tlieirinytliBand 
their  behefa,  and  tlie  lites  and  (-.crenionies  to  which  these  gave  rise, 
and  we  have  found  that  each  line  of  inveKtigatic^n  led  to  one  and  the 
same  result.  lu  view  then  of  thin  uniformity,  and  of  the  overwhelm- 
ing area  of  direct  evidem^e  tliat  haN  lieen  olferetl  on  the  jtoiut,  I  do  not 
think  it  is  overat«ppiDg  the  bounds  of  nxxleration  to  claim,  with  the 
old  chronicler,  that  witliin  tiie  limits  named,  "rhc  Anierituin  lndiaD.1, 
twfaraH  known,  without  the  exception  of  a  single  tribe,  worBhip|>ed  the 
8nn."t 

III. — THE  INDIANS  AM  MOITNIJ-miLUEBS. 

Thus  far  in  the  vonrse  of  tliis  investigiition  my  position  hutt  been 
rather  a  negative  one.  It  is  true  that  an  effort  has  been  made  to  show, 
and  it  is  btdieved  with  some  mea-sure  of  Hueeess,  tJiat  the  red  Indian  of 
hiHtoric  times  was  botli  an  agriculturist  and  a  worshiper  of  the  sun, 
and  that  hen<'«,  even  atT<-ordiiig  to  the  odiniBsiou  of  those  who  hold  a 
contrary  opinion,  tliere  ai-e  no  reasons,  a  priori,  why  he  could  not  have 
erected  these  works.  ThiB  is  un()ncBtionably  a  step  in  the  right  direc- 
tion; and  with  this  iK>int  gained,  I  might  well  afford  to  rest  the  argu- 
ment. It  would  not  however  be  by  any  means  decisive  of  the  ques 
tion  iis  to  the  origin  of  these  structures,  since  tlie  fact  that  an  Indian 
might  have  built  them  does  not  justify  us  in  concluding  that  ho  ac- 
tually did  do  so.  To  fill  up  as  far  as  pos.sible  the  gap  that  separates 
the  ability  to  do  a  certain  piece  of  work  from  its  actual  i>erformance,  it 
will  be  necessary  in  this  case  to  abandon  the  seemingly  negative  posi- 
IJon  hitherto  occupied,  an<l  to  inquire  wliether  there  is  any  evidence 
that  the  Indian  lias  at  any  time  conHtructe<l  works  of  the  sannr  charac- 
ter, though  i>erhap8  not  of  the  same  size  as  the  largest  of  those  found 
in  the  Ohio  Valley.  If  it  can  be  shown  that  he  has  done  so  it  is  be- 
heved  that  it  will  justify  us  in  ascribing  all  thest*  stnictures  to  liis 
agency,  for  the  re^tson  that  these  mouiul  centers,  witli  scivn^ely  a  single 

" " IIb  ttenurnt  aiisiii  i|ue  sans  loailflia  Iciir  diaiitlitro  nu p.iurmit lumillir,  -  -  - 
a  \rn  enteodre,  <■'  eat  loiiHkiilia  (|in  ient  ilunne  1o  bled  ijn'  iIh  inaujEi-iit,  c'  est  lily  qui  le 
£ut  crotitra  et  le  I'ODdnit  a  niaturiti^;  a'  ila  voj'eul  leiira  campaguex  verdoyooteB  au 
Printeraps,  e'  \h  recncUletit  da  belbs  rt  plantiirnnm-H  nuiissiiiiB,  et  hi  leu™  ralianes 
re}!or)(eiit  d'  espicH,  ils  ii'eii  niit  l'obIiguti6ii  i|ii'a  luiiokRiia : "  Rttatioii  de  la  A'oit- 
rtllf  tVartix  f N  V  annee  ISK,  p.  1011 :  Qitehoc,  1K.>. 

I  "Mais  pour  retonmer  &  AaUienliik  et  /onutrfra,  ila  ticnnoiit  que  Joaakrha  vMt  \e 
Boleil,  ct  AataeHtiiic\s,  Lune,  ct  toiiti--fi>iH  Iciir  nibniie  e>it  )>itlU'<^  nu  boiitdnlii  turrn:" 
Bflalion,  1636,  p.  102:  <juebe(',  185». 

: "  Lu  Soleil  nt  In  DiviniW^  drtt  I'i'iijiles  dc  I'AiDrTiqiie,  sana  en  except.Kt  aiicuti  de 
ceux  <|ni  D01IS  Hont  eonnua:"  LaBtau,  Moeiirt  da  SaMragea  Ameriquaini,  vo\,  I,  p. 
130:  Paris,  1721. 
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exceptiuu,  cuii  bt^  provuu  to  liuve  becu  at  aomv  time  the  KeatH  of  mound- 
building  Indiaus,  and  b«;(HiH8e  iitvcr,  so  fiir  as  w^  kiiow,  bave  tbey 
been  lield  even  temponirily  by  any  otber  raeo  of  jieople  previous  t4itbe 
arrival  of  tbe  wbites. 

In  pursuing  tbiH  braucb  of  our  inquiry  tbe  only  metbo<l  oi)en  to  qs 
is  tt}  [trocecd  by  eotapariKon.  I^'or  obvious  reasons  we  can  never  know 
the  particular  individuals  by  wbom  these  works  were  erected,  nor  vitn 
we,  except  in  a  few  cases,  even  bope  to  do  more  than  approximate  the 
time  when  they  were  bitilt.  All  tliat  can  be  accomplished  in  the  pres- 
ent state  of  our  knowledge  is  to  show  by  a  comparison  of  these  w- 
niaics  with  similar  works  that  are  known  to  liave  been  erei'ted  by  tbe 
modern  Indians  that  there  are  no  such  ditlerences  between  them  as 
woiilil  antliorize  the  inference  that  they  wei-e  built  by  different  peo- 
ples, or  by  the  same  people  in  diiterent  stages  of  civilization. 

To  institute  a  comparison  of  this  character  seems  like  a  very  simple 
matter,  and  it  would  be  so  if  there  were  any  way  of  establishing  a  Lard 
and  fast  line  of  demarcation  between  the  works  of  the  Indiana  and  tbose 
of  the  so-called  mound-builders.     ITnfortuuatelj-  however  or  |>erliap? 
it  might  be  more  correct  for  me  to  say  fortunately,  nothing  of  tbe  kind 
can  be  done;  Ibr  though,  as  a  matter  of  fact,  the  mounds  and  earth- 
works of  the  Mississippi  Valley  do  vary  indefinitely  in  size,  shape,  loca- 
tion, grouping,  and  xtossibly  in  many  other  respects,  yet  these  aie  all 
dilfcrenccs  of  degree  and  uot  of  kind;  an(l  however  great  tbe  distance 
between  the  extremes  in  any  one  of  these  particulars,  it  is  not  of  sncb 
a  radical  character  as  to-indicate  a  diSeren*^^  in  tbe  civilization  of  the 
piwple  who  coustrncted  the  works.    Given  time  and  an  indefinite  sup- 
ply of  laborers,  and  there  is  no  reason  why  the  people  who  built  one 
might  not  have  built  any  and  all  of  them.     The  simple  manual  labor 
necessary  to  thci 
tbe  only  iiuestioi 
from  tbe  fact  tin 
and  amount  of 
other  by  such  in 
erecte«i  by  diflci 
one  ended  and  t' 
met  with  nunc 
future,  as  in  the 
de  marcel  t  ion  bet 
fix  and  define  it  ^ 
former  effort  a  in 
bave  at  difl'orent 
and  either  singl; 
duty  in  tbi«  ciipi! 
tin»*'iouslysefki 
fear  of  successfnl 
distinyuisbing  fi  ^,g,,,^^^  i,^  GoOqIc 
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criticism;  and  tliat  t^t-diiy  it  looks  very  much  as  if  it  would  be  neces- 
sary to  fall  biKk  upon  what  a  receut  writer  terms  "  indefinable  marks" 
aud  "resemblances  that  cannot  bo  described,"  in  order  to  find  a  fouu- 
dfttion  for  the  theory  of  a  difference  in  the  character  of  these  works, 
and  consequently  in  the  civilization  of  the  ]>cople  who  built  theiu. 
Indeed,  the  advocate.'tof  this  theory  do  not  agree  among  themselves  as 
to  where  this  line  should  be  drawn ;  and  from  the  very  nature  of  the 
case  it  may  well  be  doubted  whether  itispossible  for  them  ever  to  attain 
any  very  great  degree  of  harmony.  The  moond-builders  are  at  best 
s  mythical  people,  who  owe  even  their  imaginary  existence  to  the  nec- 
essity of  accountingforastateofafi'uirs  that  is  in  great  part  assumed; 
and  of  course  any  standard  by  which  to  judge  the  works  they  are  sup- 
posed to  have  executed  must  vary  with  the  fancy  of  the  writer  or  the 
exigencies  of  the  argument.  Bnt  even  if  this  were  not  the  case,  and 
there  were  uo  subjective  obstacles  in  the  way  of  uniformity  of  opinion 
upon  this  vital  point,  it  would  still  be  impossible  to  establish  any  test 
or  standard,  for  the  reason  that,  except  in  the  fact  that  a  large  m^or- 
ityof  the  mounds  and  embankments  ''  are  made  of  earth  simply  heaped 
up,  with  little  or  uo  care  in  the  choice  of  matenal,  and  none  at  all  in 
the  order  of  deposit,"*  there  are  no  two  of  tliem  that  are  alike;  and 
without  the  presence  of  some  conformation  that  is  at  least  constant, 
it  is  of  courKe  idle  to  speak  of  a  type  or  standard. 

To  make  this  point  clearer,  let  us  glance  at  these  rcmaias  as  they 
have  come  down  to  us,  and  putting  aside,  as  far  as  possible,  all  theories 
and  specolatious  as  to  their  origin  and  use,  let  us  question  them  as  to 
the  civilization  of  which  they  are  the  silent  witnesses.  To  this  end,  it 
will  be  advisable  to  discard/as  fiir  as  may  be  consistent  with  clearness, 
the  descriptive  nomenclature  that  has  been  used  in  the  classification 
of  these  works,  and  to  adopt  one  tliat  will  be  less  [iroductive  of  false 
and  erroneous  ideas  as  to  the  object  or  pnri>ose  for  which  many  of  them 
were  intended.  As  an  instance  of  the  errors  arisiuR  from  this  source, 
take  the  term  "sacred  incloaiire,"  yhich  has  been  applied  to  a  class  of 
works  that  is  usually  found  ujion  the  broad  and  level  river  terraces, 
and  is  composed  of  uionnds  and  embankments  or  inclosures,  sometimes 
standing  alone,  but  moic  frequently  grouped  together  in  a  more  or  less 
complicated  manner.  This  term  lisis  been  long  in  use,  aud  by  a  sort  of 
prescriptive  right  is  sometimes  regarded  as  describing  ai^curately  the 
character  of  the  works  to  which  it  has  been  applied,  when  in  point  of 
fact  it  does  nothing  of  the  kind.  A  few  of  these  inclosures  may  i>os- 
sililyowe  their  origin  to  a  religious  scntiment,but  of  the  large  majority 
of  them  it  may  be  safely  said,  in  view  of  recent  investigations,  that  they 
were  simply  fortified  villages.  Self-prote(:tion  was  the  primary  object 
of  the  people  who  lived  behind  these  walls,  and  except  in  the  single 
fact  that  some  of  the  truncated  unmnds  occasionally  found  associated 

'Bancroft,  Nalitt  Racei  of  the  Pacific Staieii.  vol.  iv,  p.  766:  New  York,  1«(©q[c 
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witb  tliem  may  have  been  the  sites  of  rude  mud  temples,  tliere  m  noti 
particle  of  evideiiwi  to  show  that  tbey  had  niij'thtnf;  to  do  with  atiy  re- 
ligions rite  or  custom  whatsoever.  Indeeil,  if  it  be  admitted  that  the 
mouiid-biiihler  belonged  to  a  race  separate  and  distinct  from  the  Id- 
dian,  it  can  not  be  conctusively  shown  that  he  had  any  religion  at  all. 
What  little  evidence  there  is  bearing  upon  the  point  is  drawn  fironi 
analogy,  and  singularly  enough  is  based  npou  the  lact  that  the  Indians 
of  tlie  Southern  States,  from  Florida  te  Missouri,  erected  just  sach 
mounds  as  sites  tbr  their  temples."  Unfortunately  however  for  the 
analogy,  these  same  Indians  were  in  the  habit  of  placing  the  cabins  of 
their  chiefs  upon  preci-sely  similar  mounds,  which  were  also  built  espe- 
cially for  the  pni'pose.t  This  fact  alone  is  sufficient  to  invalidate  any 
umclusion  as  to  the  religious  character  of  these  structures;  and  of 
course  any  inference  as  to  the  objector  purpose  of  the  inclosures  in 
wliich  they  are  sometimes  found,  based  upon  this  conclusion,  must  bll 
with  it.  But  even  if  these  works  were  all  that  is  claimed  for  them,  it 
is  difficult  to  miderstand  how  this  fact  could  be  construed  int^t  an  argu- 
ment in  favor  of  the  theory  that  these  truncated  mounds,  which  are 
everywhere  identical  in  form  and  in  the  probable  uses  foi  which  they 
were  intended,  could  have  been  the  work  of  two  difl'erent  peoples,  w 
of  the  same  people  in  different  stages  of  ci\iIization,  though  its  im- 
iwrtance  as  a  link  in  the  chain  of  evidence  that  points  to  the  identity 
of  the  Southern  Indians  with  the  mound-builders  is  at  once  apparent 

Retorniug  from  this  long  digression,  and  bearing  in  mind  thecautioQ 
as  to  the  misleading  character  of  the  terms  used  in  these  investigations, 
let  as  resume  the  tliread  of  our  iuqoiry,  and  divesting  these  remains  of 
the  glamour  that  attaches  to  them  as  the  work  of  an  extinct  people,  let 
us  endeavor  to  see  them  as  they  are,  and  to  interpret  as  far  as  may  be 
the  story  they  have  to  tell. 

Speaking  in  a  general  way,  the  Mississippi  Valley  system  of  earth- 
works may  be  said  to  embrace  all  that  region  that  lies  between  the 
Great  Lakes  on  the  north  and  the  Gulf  of  Mexico  on  the  south,  anil  to 
be  bounded  on  the  west  by  the  tier  of  States  that  lines  the  western 
bank  of  the  Mississippi,  and  on  the  east  by  a  line  drawn  through  tlie 
middle  of  the  States  of  New  York,  Pennsylvania,  and  Virginia,  and 
extending  southwardly  so  as  to  include  the  greater  part  of  the  two 
Oarolinas  and  the  whole  of  Georgia  and  Florida.  It  is  trne  that  simi- 
lar works  are  found  outside  of  these  limits,  but  for  my  present  purposes 
it  will  not  be  necessary,  except  in  one  or  two  instances,  to  travel  beyond 
the  bounds  here  prescribed.  Throughout  the  whole  of  this  region  tlie»<f 
remaius  are  more  or  less  abundant,  though  different  forms  of  mounds 

*Seo  ante,  noto  f  on  p.  G40. 

t  Biednn  ami  Knigbt  of  Elvos,  Jti  Hiil.  Coll.  of  LouUiana,  part  ii.  pp.  IDG  ud  I2i: 
La  Vega,  Cnngiiflr  de  la  FlaHde,  pp.  136  anA  294 ;  A  la  Hayc,  1735.  Rerren,  toL  n, 
pp.  5  anil  6:  Lonilim.  17-10.  !,»  Haq"' »"•>  I-f  r.til.  in  Hiil.  CoU.  o/ Z«ai*Mia,  |«rt 
■II.  pp.  106  uid  noh!  to  p.  142.  Do  Prati,  HUIorg  of  LoHiciana,  vol,  u,  p.  188:  Lw- 
d»D,  1183. 
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aod  earthwork!)  !«eem  to  prevail  in  differeut  sections,  bm,  tot  instaiioA, 
the  »nimal  inoands  in  Wisconsin,  the  iuclosiireN  in  Ohio,  and  the  trun- 
cated raoundH  in  tlie  States  fartlier  to  the  soiitli.  All  kinds  however 
are  represented  in  the  Ohio  Valley,  and  it  is  probably  8afe  to  say  that, 
within  that  basin,  they  aro  more  iiumcrouK,  of  larger  size,  and  more 
eomplicated  patterns  than  enn  be  found  elisewhere  in  tbe  United  Htates. 
Taken  as  a  whole,  they  may  lie  roughly  divided  into  two  gmnd  divis- 
ions— mounds  and  enbankments, — and  these  am  again  be  subdivided 
int^)  numerous  {n^ups.  Befiinning  with  the  embankments  or  ineloHures, 
wo  find  that  they  are  generally  of  earth — rarely  of  stone, — an<I  that  they 
ar«  situated  on  the  level  river  terraces,  or  else  occupy  the  tops  of  hills 
or  other  naturally  strong  ]>ositions.  According  to  their  situation,  they 
have  been  divided  into  works  of  del'ense  and  8a«'red  incloMures,  or  as  I 
prefer  to  call  them,  hill-forts  and  fortitictl  villages  The  former  of  these 
almost  always  followed  the  outlines  of  the  hill,  and  are  hence  more  or 
les8  irregular  in  shape.  In  some  of  them  the  whole  top  of  the  hill  is 
inclosed  by  a  wall,  whilst  in  others  only  the  more  ex])oHed  points  are 
so  defended.  The  fortified  villages  are  usuiilly  found  on  alevel  plain — 
one  of  the  river  benches  or  terraces  being  geniTally  selected.  They  are 
of  various  sizes  and  shapes,  tliough  the  square  and  circle  predoRUuat«, 
and  are  often  found  united  in  a  seemingly  arbitrary  manner.  The 
beigbt  of  the  wall  around  the  inelosure,  measured  from  the  bottom  of 
the  ditch  that  usually  accompanies  it,  varies  from  a  few  feet  up  to  30. 
In  many  instames  it  is  now,  and  must  always  have  been,  too  insignifi- 
cant to  offer  any  serious  obstacle  to  an  attacking  force;  and  this  has 
given  rise  to  the  suggestion  tliat  these  embankments  wore  formerly 
surmounted  by  stockades,  as  was  the  case  with  the  villages  of  the  recent 
Indians.  Without  stoppuig  now  to  inquire  into  the  probability  of  this 
explanation,  it  is  sufficient  to  siiy  that  there  cannot  be  tbe  slighest 
doubtasto  its  truth  in  regard  to  some  of  them.  Bratkenridge"  states 
the  fact  ])08itively,  and  Atwat<'r  tells  us  that  half-way  up,  on  the  out- 
side of  the  inner  wall  Unit  surnmnded  the  circle,  or  as  he  calls  it  the 
"round  fort,"  which  formed  a  part  of  the  large  and  complicated  series 
of  works  that  onee  occupied  the  site  of  the  present  town  of  Cireleville, 
Ohio,  "there  is  a  ])iaee  distinctly  to  be  seen  where  a  row  of  pickets 
once  stood,  and  where  it  was  placed  when  this  work  of  defense  wiis 
originally  erected."  t  In  point  of  size  these  works  varied  greatly. 
Some  of  the  smaller  (circles — probably  the  ruius  of  mud  lodges  or  teni- 

■  Vitatof  LoHinaJta,  pp.  21  ivtul  1M2-3:  I'ittxliar);,  1814. 

t  Arrhaologia  AtHtricana.  vol,  I,  ]i.  145:  WorccHter,  Miuw.,  1S20.  Aa  these  works 
will  1)e  Teferreil  to  herrnrtcr,  I  mill  n  ilnHcription  from  tlio  Riinio  book,  pp.  141-2: 
''There  are  two  forts  whirli  aru  joined  ti>Kether.  one  lirjng  :iii  exact  circle,  tlicotlier 
an  exact  square.  The  fonucr  is  sinTonnili'd  liy  two  walls,  wjtli  nili'vpilttili  lii-tmi-oii 
thi-iii.  The  lattiT  ix  encompaSNi'il  nitli  i>un  wall,  n'ilhuiit  any  iltli-h.  The  fumicr 
was  6<>  roilx  in  iliameter.  ineaHurins  frotii  ont^i'lu  to  oiitttUle  i>f  tlw  cin-ulur  oiiIit 
wall;  the  lntt«r  in  exactly  .">5  rmla  ei|ii:trv  nioaHiiringtho  same  way.  The  walls  jiflt,', 
rircnlar  fort  were  at  least  20  feet  in  height,  measuriD);  from  tbe  bottomof  tueoit' 


558  THE   MOUNDS    OF   THE   MISSISSIPPI   VALLBT. 

pies  simil»r  to  those  described  as  biiviDg  exi8t4xl  ninoug  the  Sonthem 
Iiidiaiis,  *  uud  which  may  still  be  seen  ainoug  Rome  of  the  tribes  of  the 
CJppec  Missouri  t — are  not  more  than  50  feet  in  diameter,  whilst  the 
groups,  or  si'riea  of  work**  in  which  the  different  forms  are  united,  not 
uufrequuntly  covered  hundreds  of  acres,  or,  as  was  the  case  with  the 
works  at  Newark,  Ohio,  were  scattered  aboat  over  an  area  of  2  miles 
sqaare,  J 

Tlie  situation  of  the  dit«li  with  reference  to  the  wall  was  a  iaatt«r  in 
which  there  was  but  little  if  any  Qniforniity,  it  being  sometimes  ou  one 
side  of  the  wall  and  sometimes  on  the  other.  At  one  time  this  feature 
was  thought  to  furnish  a  criterion  by  which  to  judge  the  character  of 
the  work,  and  Mr.  Squier  quotes  approvingly  English  authorities  to  the 
effect  "that  the  circumstance  of  the  diteh  Ijeing  within  the  vallnni  is  a 
distinguishing  mark  between  religions  and  military  works."  §  This  ikh 
sition  however  does  not  hold  good  with  regard  to  earth-works  in  the 
United  States,  since  it  is  matter  of  record  that  in  some  of  the  stockaded 
forts  of  the  recent  Indians  the  dit^-h  was  on  the  iuside  of  the  wall, 
whilst  in  others  there  was  a  dit«h  on  each  side.  |t    Indeed,  when  we  c^u- 

before  the  towu  of  Cirdeville  wns  built.  The  ioDer  wall  was  of  clay,  taken  up 
probably  in  tlie  northern  part  of  the  Tort  hIkts  was  a  low  place,  and  la  stilt  am- 
Bidersbly  lower  than  any  other  part  of  the  work.  The  ontside  wall  was  tftken  frnm 
the  diti'h  ivUicb  i«  betweeD  theae  wnlla,  and  Jh  alluviiil.  conaisting  of  pebbles  won 
smooth  iu  water,  and  aand,  to  a  very  ronaiderable  depth,  mure  than  50  feet  at  IpjiU 
The  outside  of  th«  wnUs  is  about  5  or  6  fert  in  height  now ;  on  the  iuaide,  the  ditch 
is,  at  prenent.  generally  not  more  Ifann  15  fert.  They  are  dianppeariuK  before  ns 
daily,  ami  will  soon  be  gone.  The  wnlls  of  the  si|atiro  fort  are.  at  this  time,  nh«re 
left  standiDg,  almut  10  feet  in  height.  There  me  eight  gateways  or  openings  lead- 
ing into  the  Hijiiare  fort,  and  only  one  into  the  circular  fort.  Rcforn  rach  of  tfaees 
oji«nings  was  a  mound  of  earth  jMrbaps  4  feet  high,  40  feet  perhnpa  in  diameter  nt 
the  base,  and  20  or  iipwanls  at  tbosuiDmit.  TheKu  moaods  for  2  rods  or  more  ate 
exactly  in  front  of  the  gntew^iys,  and  were  iotciidcd  for  the  defense  of  the«e  opeo- 
ings." 

*  Joutel,  in  rft<l.  C«ll.  o/£«Hui(iNii,  parti.p.  148.  Among  the  Alachna  (Floridian) 
Indians,  we  are  told  by  Bartram  that  "  their  dwellings  stand  near  the  middle  of  ■ 
square  yard,  encompassed  by  a  low  bank,  formed  with  the  eartlk  taken  ont  of  tht 
;ard,  which  i«  always  rarefnily  swept:"  IVoMf*  Ihrougk  Florida,  p.  192. 

tCallin.  Xorik  American  Indiani,  vol.  l,  p.  81:  London,  1M8.  In  the  Feabodjr 
Mnsrnm  of  American  Archn'ulogy  and  Ethnology  at  Cambridge,  Mass.,  there  is* 
tnoilel  of  one  of  these  mnd  lodgex,  snch  as  is  now  in  use  among  the  Omabas. 

t  jKcient  MonHmeiili  oft\t  Miuignppi  I'alUg.  p.  liT. 

ilbii.,  chap.  Ill,  note  to  p.  47. 

ICharleroii,   Hialohe  dr  In  Xonrrllt  FroHi-r,  >ol.  iv.  p.  156:  Paris,  17M.    Scbool- 

eraft,  Tntreli  in   Ihr   ithn»aippi    Vallfi/,  p.    V29.    i'atlin.   Xorik  J*micaa  I»i6»—, 

vol.  I,  p. Sir  London,  ims.     In  the  town  of  Medford.  Mass..  near  Mystic  Fond. tbcR 

was  a  "Fort  boilt  by  their  dere:i!ied  King,  in  manner  thus:  There  were  pools  wdm 

thirtle  or  fortie  foolf  l«ii>r.  »t"rk<'  in  tb<- ground  us  tbirkeaH  they  roald  besetonf 

by  another,  and  with  tliese  thi-y  enilosed  a  ring  soiiit-  forty  or  fifty  fboteorrr.    i 

tiearh  bn'ast  high  was  diggi'il  on  earli  oidr :  one  way  there  waH  to  goe  iuto  it  with 

-'ilge;  in  the  midst  of  this  PnlUiado  nlood  the  fVame  of  a  house  wherfiit  l*'"* 

■>  lay  buried.     A  iiiyle  Oom  hcnro  we  came  («  snch  another,''  etc. :  .J'PI''?' 

1.  VX:  Boston.  ISU"..  '-'8 
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sider  the  nature  of  the  position  to  be  defoiiiled,  and  bear  in  mind  the 
effcctiTe  use  of  rifle  pits  in  modern  warfare,  it  may  well  be  doubted 
wiietber  the  inside  is  not,  under  ceitaiii  conditions,  the  pro]>cr  place 
for  it. 

In  the  niatttrial  of  whicb  tliey  were  made  tliese  embankineuts  varied 
but  little.  As  has  been  well  »aid  by  11.  II,  Bancroft, "  "they  are  of 
e^rtb,  stones,  or  iv  itiixture  of  the  two,  in  their  natural  erudition,  throwu 
np  from  the  material  whieli  is  nearest  at  liand.  There  is  no  instance  of 
walls  built  of  stone  that  has  been  hewn  or  otlieiwise  artificially  pre- 
pared, of  the  UKe  of  mortar,  of  even  I'ongh  stones  laid  with  regularity, 
of  adobes  or  earth  otherwise  prepared,  or  of  niilterial  brought  from  any 
threat  distance.  The  material  was  taken  from  a  ditch  that  often  accom- 
panies the  embankment,  from  excavations  or  pits  in  the  immediate  vi- 
cinity, or  is  scraped  up  from  tiie  surface  r>f  the  surrounding  soil.  There 
is  nothing  in  the  present  api)earan('e  of  these  works  to  indicate  any  dif- 
ftreuce  in  their  original  form  from  that  naturally  given  to  earth-works 
thrown  up  from  a  ditch,  with  sides  as  nearly  perpendicular  as  the  nature 
uf  the  material  will  permit.  Of  course  any  att<mipt  on  the  part  of  the 
buiiilers  to  give  a  symmetrical  snperfivial  contour  to  the  works  would 
bave  been  long  since  obliterated  by  the  action  of  the  elements;  bnt 
nothing  now  remains  to  show  that  they  atta<^hed  any  importance  what- 
ever to  either  mat^-rial  or  contour.  (Stone  embankments  are  rarely 
found,  an<l  only  in  localities  where  the  abundance  of  that  material 
wonld  naturally  suggest  its  use.  In  a  few  iustancres  clay  has  been  ob- 
tained at  n  little  distance,  or  dug  from  beneath  the  surface." 

Turning  now  to  onr  second  grand  division — the  mounds, — we  find 
them  com |>oeed  of  earth  andstone,  and  varying  in  location, size,  shape, 
and  contents.  i>ivided  according  to  their  form,  they  may  be  classed 
as — 

First.  '' Temple"  or  truncated  mounds,  which  as  their  name  indi- 
cates are  tmncated  cones,  usually  with  graded  ways  to  their  tops,  and 
in  some  instances  with  terraced  sides.  Their  bases  are  of  difi'erent 
forms,  being  indifferently  either  round,  oval,  square,  or  oblong;  but 
whatever  may  have  been  their  difierences  in  these  respects,  they  were 
all  alike  in  having  flat  or  level  tops,  which  weie  no  doubt  used  as  sites 
for  their  rude  temples,  or  the  cabins  of  their  chiefs.  In  size,  tlicy 
varied  from  a  height  of  5  feet  to  90,  and  from  a  base  of  40  feet  in  diame- 
ter to  one  covering  an  area  of  12  acres.t  Like  the  embankment.-^,  they 
are  simply  heaps  of  earth,  some  of  them,  it  is  true,  of  immense  size, 
bntall  of  them  thrown  up  without  much  "careinthechoict^of  material, 
and  none  at  all  in  the  order  of  deposit." 

Second.  The  next  class  is  composed  of  the  '-animal  mounds,"  or 
mounds  In   whicdi  the  ground  plan  is  more  or  less  irreguhir.  and  is 

I  Rrporl  uf  Ihe  I'tabodg  J/«-[  , 
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thought  tu  resemble  aoitnals,  birds,  and  evea  haman  beings,  tboogli  it 
is  admitted  tbat  this  retscinhlaiico  is  often  imaginary,  and  tbat  tLer«  is 
uo  evidence  tbat  the  buildi-rs  of  these  works  intended  to  copy  any  aach 
forms.  Indeed,  Lapliam,*  to  wboin  wo  are  indebt*^  for  tbe  niont  satis- 
factory iiccount  of  these  mounds  tbat  we  possess,  finds  it  necessary,  on 
more  than  one  occasion,  to  caution  bis  rea4:lers  against  blindly  accept- 
ing these  resemblances,  and  frankly  nays  that  in  some  caj^es  ajtpella- 
tiotis,  like  that  of  "Lizard  Mound,"  were  given  for  tbe  sake  of  con- 
venience, and  witbont  pretending  that  tbey  were  actually  intended  to 
represent  tbatanimal.i  According  to  the  same  antbor,  as  summarized 
by  Bancroft,  these  moiiiids  vary  in  height  from  1  to  ti  feet,  and  their 
dimensions  on  tbe  ground  are  quite  large.  Thus  "rude  efligies  of 
human  form  are  in  some  instances  over  100  feet  long;  quadrui>eds have 
bodies  and  tails  ewh  from  50  to  200  feet  long;  birds  have  wings  of  a 
hundred  feet;  lizard  mohnds  are  i^OO  and  even  400  feet  in  length;  straight 
and  curved  lines  of  embankments  reach  over  a  thousand  feet,  and  ser- 
pentH  are  equally  extensive."  Mounds  of  this  class  are  common  in 
Wisconsin,  and  are  also  found  la  Ohio  and  Georgia.  They  are  not 
burial  mounds,  tliough  tbey  are  not  untrequently  gron|HKl  with  conical 
mounds  that  inclose  human  remains,  as  they  are  also  with  embank- 
nieutsandinclosures, — the  groupiugbeing  always  without  any  apparent 
order.  They  are  usually  tonstmcted  of  esirtb,  stones  being  but  rarely 
used,  except  perhaps  in  Georgia,  where  the  two  bird-shaped  inouuds 
describetl  by  Col.  C.  C.  Jones  are  built  entirely  of  that  niaterial.| 

Third.  The  third  and  lastclassof  nioumls  consists  of  the  simpleconi- 
cal  tumuli  that  are  scattered  about  over  this  whole  area  and  are  fur 
more  numerous  than  all  the  others  combined.  So  far  as  ontward  np 
tx'arance  is  concerned  they  are  generally  round  or  oval,  though  other 
forms  are  not  uufrcqiicnt.  They  vary  in  heiglit  from  a  few  inches  to  70 
feet,§  and  in  diameter  from  3  or  4  feet  to  300.  It  is  ]irobablo  liowei"er 
that  a  height  of  from  3  to  30  feet  and  a  diameter  ranging  at  tbe 
base  IVom  ir>  to  50  feet  would  in4rhide  a  large  proixirtion  of  thorn. 
Although  so  alike  in  form,  these  mounds  differ  widely  in  location, 
and,  as  we  shall  see  later  on,  in  their  contentM.  They  are  found  on  the 
tops  of  the  highest  hills  and  in  the  lowest  river  valleys;  tbey  stanil 
alone  or  in  groups,  or  in  connection  with  hill-forts  or  fortitied  villages, 
of  which  tliey  evidently  fonned  com|M)m'nt  parts.  In  the  materinl  of 
which  they  are  built,  as  well  as  in  the  manner  of  their  coiistrnctioD. 
they  do  not  differ  from  the  embankments  and  from  other  mound)^    A 

■  ADtifiiiitie^  iif  WiHconniu.  in  vol.  Vli  of  the  SmithwHiam  roHtribatitiai  lo  *'■.>»'- 
i-djc,  pp.  14.  Ii4. 130,  cti-.  8<-f  nlB'.  Jnr.  Moh.  of  Ihe  Mimifitippi  Fallrg.  p.ISftiii 
nbich  Mr.  Si[iiii<r  iipcnkK  of  :i  nmiiiiil  Ihiit  "  miiy  linvo  Wen  inleadpil  to  repri'WUl  > 
liiril,  II  liiiw  Hiid  iirniw.  or  the  IiiitiLim  fl|;rnT." 

lf.<'..ll.>l«(op.<l. 

i  s»,ilhM,.iii»«  l!,,„.ft  i..r  IST7.  V.  Ti>^. 

iA...  Man.  «i„.   l-.l,r,,  pp.  5  and  168.  „„„e.  .,  GoO^lc 
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Isge  mtyority  of  them  are  Bimply  heaps  of  earth,  though  stone  luonnds 
or  cairns  are  quite  cominon,  and  iiL  Florida  they  are  BometiineB  com- 
posed almost  entirely  of  Bfaella.  As  n  rale,  they  are  homogeneous  in 
Btrnctnre,  though  occasionally  in  the  Ohio  Valley,  and  especially  along 
the  Scioto  Biver,  there  are  a  few  that  were  regularly  and  intentionally 
stratified. 

This  is  believed  to  be  a  fair  statement  of  all  that  is  known  of  the 
mounds,  considered  simply  as  mounds,  and  without  any  regard  to  their 
content«,  or  to  what  is  known  of  them  historically.  It  is  taken  almost 
literally  from  Bancroft,*  whom  I  have  chosen  to  follow,  for  the  reason 
that  his  summary  of  the  results  of  the  explorations  of  Squler,  Lapham, 
iiDd  others  is  just  and  comprebeusive,  and  because,  in  a  matter  of  this 
importance,  it  seemed  to  me  desirable  to  distrust  my  own  judgment  and 
to  accept  the  statement  of  one  who  can  not  be  accused  of  sharing  in  the 
conclusions  to  which  I  have  been  most  nnexpectedty  driven. 

As  a  result  of  this  rapid  glance  at  the  story  of  these  remains,  when 
told  by  themselves,  it  will  be  seen  that  although  they  differ  widely  in 
form,  size,  and  the  evident  use  for  which  they  were  intended,  yet  they 
are,  primarily,  nothing  but  heaps  of  earth,  stones,  or  a  mixture  of  the 
two,  thrown  up  into  the  form  of  mounds  and  embankments.  A  child 
at  play  on  a  pile  of  sand  performs  on  a  small  scale,  and  for  bis  auiuse- 
meiit,  the  very  same  kind  of  labor  as  that  involved  in  their  erection ; 
anil  the  beaver  and  the  white  ant,  in  building  their  dams  and  nests, 
show  a  degree  of  development — a  faculty  of  adapting  means  to  au 
end — but  little  if  any  inferior  to  that  displayed  by  the  mound-builder, 
B-hen  judged  by  the  same  standard.  Indeed,  we  are  told  that  the  bea- 
ver dams  and  washes  of  Wisconsin  .■sometimes  bear  a  very  close  resem- 
blance to  the  so-calk'il  serpent  monnds,  and  to  the  excavations  made 
by  the  Indians  in  search  of  lead  and  other  ores;t  whilst  as  a  matter 
of  tact,  the  ant  bills  of  Africa,  in  point  of  relative  size,f  tind  in  the 
architectural  knowledge  and  engineering  skill  displayed  in  their  con- 
struction, are  quite  equal  to  any  earthwork  in  the  Ohio  Valley.  In 
saying  this,  it  must  not  tte  suppo8e<l  that  there  is  any  intention  of  dis- 
paraging the  works  of  the  mound-builders.  Unquestionably  some  of 
them  are  of  great  size,  and  exhibit  an  immense  amount  of  patient  toil 
and  perseverence ;  but  beyond  this  they  tell  ns  little  or  nothing.  No- 
where, either  in  laying  them  out,  or  in  the  manner  in  which  the  dead 
were  sometimes  buried  in  tliem,  can  bo  foun<l  any  such  adherauce  to 
the  principle  of  orientation  as  would  authorize  the  inference  that  the 
people  who  built  and  buried  in  tliem  had  advanced  beyond  the  merest 
rudiments  of  astronomical  knowledge;  and  as  for  the  mathematical 
skill  displayed  in  the  construction  of  their  R<|uares  and  circles,  anyone 

' Xatire  Jiaren of  (ht  Facifie Staf,»,  vol.  iv,  chap.xiii. 
iAnliqHiUet  of  Wiii-oHriit,  I.  c.  iioIp  to  p.  11. 

ISomoof  tbeliilla  of  tli«  so-callwl  whitu  aiil-N  nC  Africa  lire  25  IVet  lilgtl.  ftuil  hijp*[.- 
eycombml  with  gftllcriea.  t^ 

H.  Mis.  334,  pt.  1 36 
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who  has  ever  aided  in  fencing  it  western  farm  kuows  that  it  is  a  cod- 
l>aratively  simple  matter  to  "  rnn  "  a  straight  line,  especially  if  it  be  as 
broad  ae  most  of  these  embankiueiits;  and  that  conse^jnetitly  squares 
as  large  and  with  angles  as  "  i«rfert"  as  any  of  those  in  the  Ohio  Val- 
ley, can  be  constructed  with  the  aid  of  three  straight  sticks  aod  a  mod- 
erately good  eye.  The  circles  might  perliaps  give  a  little  more  trouble ; 
but  even  they  areiiot  beyond  the  compass  of  a  boy  with  a  string.  Hr. 
Sqnier  himself  admits  that  it  is  possible  toconstmct  them  of  considerable 
size  without  the  aid  of  iustraments,  though  one  over  a  mile  in  eircumfet- 
euce  would,  bethinks,  offer  serious  obstacles.*  In  a  word,  the  labor 
involved  in  the  en.'ction  of  these  works  was  purely  manual,  and  per- 
fectly homogeneous.  It  did  not  even  necessarily  imply  the  nae  of  me 
ehanical  aids  of  any  kind,  thouKli  it  is  probable  that  the  rude  stone 
lioe  or  spade  and  a  biisket— (uie  tj)  loosen  the  earth,  and  tbe  other  to 
transport  it — were  both  employed;  and  these  (be  it  remembered)  were 
within  reach  of  every  Indian  family  eariC  of  the  Mississippi  and  south 
of  the  Great  Lakes. 

The  fact  then  as  to  the  character  of  this  labor  being  as  stated,  it 
would  seem  to  follow  that  a  people  who  conld  have  erected  one  of 
these  works,  be  it  a  mound  or  an  embankment,  might  have  btiilt  any 
and  all  of  them ;  and  of  course,  if  it  can  be  shown  that  the  red  Indian 
has,  within  the  historic  epoch,  thrown  up  mounds  5  or  10  feet  high, 
and  of  proportionate  size,  there  can  be  no  reason  why,  given  time,  of 
which  he  had  an  unlimited  supply,  or  an  increased  number  of  work- 
men, he  could  not  have  made  them  ten  times  as  large  had  he  been  so 
inclined.  To  deny  this  involves  the  neceasitj' of  showing  that  there 
existed,  in  mound-building,  some  point  beyond  which  the  efforts  of  the 
Indian  could  not  go — some  limit  to  the  number  of  baskets  full  of  earth 
he  might  bring — and  this  will  scarcely  be  undertaken  by  the  hardiest 
advocate  of  the  theory  of  the  two  civilizations.  Indeed,  it  is  only 
necessary  to  put  the  matter  in  this  broad  light,  to  ask  where  it  is  pro- 
poses! to  run  this  line  of  demarcation,  and  how  it  was  found,  in  order 
to  show  the  absurdity  of  any  attempt  to  set  up  a  standard  that  will 
enable  us  to  say,  definitely,  whether  any  given  earthwork  was.bnilt 
by  the  recent  Indians  or  by  tbe  so-called  nionnd-builders. 

With  this  fact  clearly  understood,  we  are  now  ready  to  take  op  the 
evidence  that  points  to  the  re«l  Indian  of  modern  times  as  the  builder 
of  these  works;  and  by  wiiy  of  beginning,  let  us  hiok  into  the  truth  of 
the  oft-repeatetl  statement  that  he  had  no  tradition  as  to  their  nrigiU) 
and  the  puriwses  for  which  they  were  ei-ected.  So  far  as  my  imme- 
diate argument  i.':  concerned,  this  is  to  some  extent  a  work  of  superero- 
gation.   Tradition  is  at  hest  biit  an  nustife  guide,  and  even  if  it  were 

•Anp,  Mon.,  p.  HI.  li.nrinjr  iiihih  itiis  jmint  ix  Iho  HtAl«iDcnt  of  Mis*  A.  C.  HetdiM, 
that  ttip  0);nliilln  SioU-'^,  wlipn  innrkiii);  out  t1ii>  fcroiinil  for  thi>  sun  tlancr,  rniw  ap  * 
)H>]iMii  tlu' rtntiT.  .iiiil  t)ii-Ti,  widisran-hiile  <oril  as  u  Tailiu8,fd^^fjf!frqleof  tk« 
r(><|iiirv<l  size,  iiiy  from  200  to  300  feet  in  dUmetet. 
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not,  tLe  fact  that  the  lodiaus  could  iiot  give  any  ncuouut  of  theM 
strDctnres  would  carry  but  little  if  any  weight,  for  the  reasou  that  it 
is  negative  evidence  pure  and  niniple,  and  as  such  ninst  give  way  to 
the  well-authenticated  instances  of  mound- building  among  the  Natcbez 
and  other  historic  tribes.  Upon  tliis  ixiint  tliere  can  be  uo  difference 
of  opinion,  and  though  it  clearly  shows  tbe  worthlessn^ss  of  tradition 
as  the  basis  tor  an  argument  in  tbe  present  discussion,  yet  the  state- 
ment as  to  the  absence  of  all  accounts  of  tlie  origin  of  ttiese  works  is 
BO  otten  repeated,  and  with  sucb  seeming  confidence,  that  the  investi- 
gation would  bo  incomplete  without  some  in(|uiry  into  its  truth.  Espe- 
cially is  this  80  in  view  of  the  fact  that  like  all  wholesale  generalizations 
it  has  a  certain  foundation  in  truth,  though  tliis  is  believed  to  be  en- 
tirely too  slight  to  justify  uh  in  accepting  tlie  statement  in  the  shape 
iu  which  it  has  come  down  to  us.  Tliat  <'ertain  Indians — the  number 
is  inimatttrial — were  without  any  tradition  upon  the  subject  of  these 
mounds  is  eslremely  probable;  and  if  the  early  writers  had  confined 
themselves  to  a  statement  of  this  fact,  there  would  have  been  uo  ques- 
tion as  to  its  acceptance.  But  when  generahzing  (as  was  too  often 
their  wont)  from  tbe  few  instances  that  came  under  their  observation, 
they  tell  us  that  "  the  Indians  "  or  that  '*  certain  tribes  "  were  equally 
ignorant,  then  it  is  time  to  call  a  halt,  and  inquire  into  tbe  validity  of 
tbe  evidence  upon  which  the  statement  i-ests.  To  do  this  thoroughly 
involves  no  little  labor.  Trustworthy  authorities  must  Ite  examined — 
the  more  tbe  better, — and  if  they  fail  to  bear  out  the  general  conclu- 
sion, as  will  almost  always  be  funnd  to  be  tbe  ease,  there  is  no 
alternative  but  to  so  motlify  this  conclusion  as  to  bring  it  in  accord 
with  the  newly-dis<wvered  evidence.  As  an  instance  of  tbe  good  re- 
sults that  sometimes  follow  this  method  of  interpreting  the  old  chron- 
iclers, take  the  assertion  of  the  younger  Bartram  that  "the  Cherokees 
are  as  ignorant  as  we  are.  by  what  people  or  for  what  purpose  these 
artificial  bills  were  raised."*  lie  is  speaking  of  the  mound  upon  which 
stood  the  council  house  in  their  town  of  (Jowe,t  and  it  is  of  course  very 
probable  that  the  Indians  of  whom  he  made  the  inquiry  did  not  know 
who  built  this  particular  mound;  at  least  there  can  be  no  doubt  that 
they  told  him  so,  and  that  he  believed  them. 

Now  Bartrani's  visit  to  the  Cherokees  was  a  hurried  one;  he  saw 
but  few  of  their  towns,  and  could  not  possibly  have  con  versed  with  but 
a  small  portion  of  their  people,  and  yet  his  statement  is  couched  in  the 

*  BaTtram'n  Traveli,  p.  1)67:  Philaili-lphiu,  1T!*1.  He  aUila:  "Hut  they  Iihtu  a  tra- 
dition common  with  tlie  otiier  tintionii  of  Imlians,  tlmt  tlioy  foiinil  tliciu  in  mueli  the 
•lune  conditinn  AH  th«y  now  appear,  when  tlieir  forerntherH  arrived  from  tbe  West 
and  posamaeil  themselves  of  the  cnnntry  aftiT  vaaqiiiMiinK  the  nntKinnof  reil  men 
nbo  then  inbaliiteil  it,  who  theiiiBelvr?!i  found  tbrse  mounds  wbt'n  they  look  puHHrs- 
■ioa  of  the  conntry,  thp  fornior  |io»»psaiit»  ileliveriii-;  the  Hamo  story  I'onceniing 
them." 

tThindietinetioii  niiiHt  be  kept  in  niiml,  nn  I.  t..  )i.  H4S.  he  ii)>i>ikk8  of  '-Taat  faaa]« 
of  stones"  that  were  "  Indian  gravoi,  nndoubteilty," 


564  THE   MOUNDS   OF    THE   MISSISSIPPI    VALLEY. 

brofuleat  tenuB  iH>B6ib1e,  and  includes,  all  tlie  members  of  the  tribe  of 
every  age,  size,  sex,  and  condition.  Obviously  bis  assertion  is  uot 
warranted  by  the  facts,  nor  is  it  botue  out  by  the  testimony  of  eoncur- 
rent  writers.  So  far  from  being  without  any  trstditiun  on  this  subject, 
this  people  can  be  shown  to  have  had  several,  or  at  all  events  they  so 
reported.  Thus,  about  the  year  1782,  Oconostoto,  who  had  been  for 
sixty  years  one  of  their  chiefs,  being  asked  by  Governor  Sevier,*  of 
Tennessee,  who  built  the  earth-works  in  their  country,  and  particu- 
larly "the  remarkable  fortification,"  as  it  is  called,  on  the  Hiawasoee 
River,  answered  that  "  it  was  handed  down  by  their  forefathers,  that 
these  works  were  made  by  the  trhite  people  who  had  formerly  inhabited 
the  country."  Gen.  Geo.  RugerM  Cliirk,f  who  probably  knew  as  mncli 
of  Indian  character  as  any  one  who  has  ever  written  on  the  subject. 
says  positively  that  there  wa»  a  tradition  among  the  Cfaerokees  to  the 
effect  that  the  works  in  their  country  were  built  by  their  ancestonf; 
and  this  statement  is  borne  out  by  rhe  chroniclers  of  De  Soto's  expedi- 
tion, J  as  well  as  by  the  testimony  of  Adair,  §  who  seems  to  have  had  no 
doubt  by  whom  these  mounds  were  built,  or  for  what  purpose,  thongb 
he  admits  that  some  of  them  were  beyond  tlie  reach  of  tradition. 

Here  then  in  thin  one  tribe,  we  have  several  accounts  of  these 
works.  Tbey  can  nut  nil  be  true,  and  it  is  possible  that  neither  one 
of  tbem  may  be;  and  yet  either  one  of  them  is  a  Bufflcient  answerto 


'See  letter  of  Gov.  Sevier  iu  Stoddanl's  Sketches  of  l^sitiana.  p.  i«i:  Fhil*- 
delpbis,  1812.  1t«iug  i|uestioned  iih  t»  tvbti  tbeiu  wbite  people  tvere,  tbe  old  rhief 
replied;  "Tbat  be  had  beaid  his  grauiltktber  »nd  other  old  propleaaytbut  the;  wfrt 
a,  people  called  tbe  Welsh,"  etc.  For  a  duniniarj  of  wbiit  hn^  been  written  abeat  * 
Welsb  Nation  iu  AiiK^ricn,  roDHult  obapU-c  xvli  of  tbe  uliove  work,  aaA  also  rn«(t'« 
Amftican  Antiqailia,  i>p.  22i)  et  eeq.:  Albany,  1X38:  au<l  Ituriler'n  JVetch  Calon$,  i 
l>Biiipblet  pablishc'il  in  Londmi  iu  ITiT. 

i "  I  think  tbe  wurM  is  to  blami-  to  express  siicb  petit  anxii'ty  to  know  wbo  it  «a« 
that  built  tbene  uitDieTonn  nnd  form iil able  work h,  mid  what  hatb  become  of  tbat  peo- 
ple. They  will  Hod  thcin  in  the  Kaekatkian,  Peorins,  Kabobias  (now  extinotl, 
Piankesbuws,  C'bicksitans.  Cberokees,  and  aiich  olil  naliouH,  who  say  they  jnewont 
of  the  ground  where  tbey  now  live,  and  that  tbey  weri'  formerly  ao  nuroerons  u  Uie 
trees  in  the  woods;  but  iill'rontinK  the  Gn-iit  Spirit,  bflmade  war  among  tbe  uatinrw. 
an<l  they  detitroyeil  eaoli  other.  Tliis  is  tbeir  tradition,  and  I  can  see  no  (;ood  rel»>ii 
wby  it  abould  not  In  ruceivi-d  nv  good  history— ut  leiist  ns  good  aa  a  great  pari  o( 
ours:"  MS8.  of  Oen.  Geo.  R.  Clark,  iu  toI,  iv,  Schookraft,  Indinn  Tribet  0/ ll" 
UniUd  Slalii»,p.  135. 

1  In  tbe  Tenth  Asnaal  Iteport  n/  lie  Vetihody  UunturA  at  Cambridge,  pp.  "1  rt  Mf.,  I 
bave  given  some  of  tho  reasonM  for  Iwlieving  tlint  tbo  Chernkpi's  built  inotiDdi  anil 
earth'WorkN. 

f  "We  frequently  meet  with  great  nionnds  of  e^irtb,  either  of  a  circular  or  nblone 
form,  having  a  Ktrong  breastwork  at  a  distance  nronnd  them,  made  of  tbe  clay  nW^ 
bad  lieen  dng  up  in  forming  tbe  diteb  on  thi'  inner  side  <>f  tbe  inclosed  granntt.  onil 
tbese  were  their  forts  of  secnrify  againwt  an  enemy.  Three  nr  fonr  of  tliemiirp.  in 
some  plneeB,  raised  ao  near  to  eni'b  other  nH  evidently  for  tbe  garrison  to  talie  any 
enemy  that  paaaed  betwenii  tlicm.  Tliey  w<'re  mostly  l>uilt  in  linr  lauds;  ami  «<"• 
are  overspread  witb  large  tn^en.  beyiiurl  the  reach  of  Iniliftn  tntdiUou :  "1  SitMf  */ 
'fte.imertcaw /niliaNa,  p.  377:  Loudon,  1775. 


.  tntdiUou :  "1  B 


THE  MOL'NDH  OP  THK   MISSISSIPPI  VALLKY.  T}G6 

the  statement  that  tho  [iidiaiis  liiid  uo  traditiuii  a^  to  the  oijgiu  of 
these  structures,  or  the  purpose  for  which  they  were  built.  Nor  inust 
it  be  anpposetl  that  tbe  CIterokees  were  aloue  iu  this  respect;  neither 
wore  these  stories  coiiflued  to  any  one  st'ick  or  family  of  tribes.  They 
are  found  od  both  sides  of  the  Ohio,  and  were  as  current  (and  for  that 
matter  as  varied  and  often  quite  as  contradiet^ry)  among  uation»  of 
the  Huron  and  Algonquin  families  as  they  were  amoug  the  Oherokees. 
In  fact,  it  ii4  believed  to  be  the  exeeptiou  to  find  a  single  prominent 
tribe  living  within  the  region  of  the  moundw  iu  which  some  tradition 
on  the  subject  of  their  origin  was  not  more  or  less  common.  Whether 
these  traditions  were  true  or  false,  or  whether  the  event  that  was  pur- 
ported to  be  handed  down  wan  fact  or  fable,  are  points  which  it  is  not 
necc«8ftry  to  discuss.  All  that  1  am  called  upon  to  show  is,  that  the 
Indians  had  traditions,  no  inath'r  what  their  chariteter,  uitou  this  sub- 
ject; and  in  doinjf  this,  I  shall  limit  myself  to  a  representative  tribe 
fVom  each  family,  and  by  way  of  making  the  tradition  as  definite  as 
possible,  will  pick  out  typical  works  or  groups,  situated  in  different 
portions  of  the  troiintry,  so  that  thcie  c»n  be  no  doubt  as  to  the  par- 
ticular tribe,  or  the  precise  kind  of  earthwork  that  is  meant. 

First  of  all,  let  us  take  up  the  mounds  iind  inclosures  of  westflrn  New 
^ork,  and  see  what  the  Iroquois  had  to  say  as  to  their  origin.  Accord- 
ing to  one  account,  the  country  "about  the  lakes  was  thickly  inhabited 
by  a  race  of  civil,  enterprising,  and  industrious  people,  who  were  totally 
destroyed,  and  whose  improvements  were  taken  possession  of  by  the 
SeneciiB.""  The  Rev.  Mr.  Kirkland,  while  era  a  missionary  toiir  to 
this  tribe,  A.  d.  1788,  visited  several  of  these  "old  forts,"  one  of  which, 
situated  in  Genesee  County,  near  Batavia  (Sqnier),  and  known  to  the 
Indians  a8the"double-fortitiedt«wn,ora  town  with  a  fort  at  each  end," 
is  thus  described :  The  first  of  these  forts  "contained  about  4  acres  of 
ground.  The  other,  distant  from  this  alKtut  2  miles,  and  situated  at  the 
other  extremity  of  the  ancient  town,  inclosed  twice  that  quantity  of 
ground.  The  ditch  around  the  former  was  about  5  or  6  feet  deep.  A 
small  stream -of  water  and  a  high  bank  circumscribed  nearly  one-third 
of  the  inclosed  ground.  Tiu>re  were  the  traces  of  six  gates  or  avenues 
round  the  ditch,  and  ueai'  the  center  a  way  was  dug  to  the  water. 
-  -  -  A  considerable  number  of  large  thrifty  oaks  had  grown  up 
within  the  inclosed  ground,  both  in  and  upon  the  ditch;  some  of  them 
appear  to  be  at  least  two  hundred  years  old  or  more.  -  -  -  Near  the 
northern  fortification,  which  wus  situatcjl  on  high  ground,  be  found  the 
remains  of  a  funeral  pile.  -  ■  -  The  earth  was  raised  about  6  feet 
above  the  common  surface,  and  betwixt  20  and  30  feet  diameter.  The 
bones  appeared  on  tlie  whole  surface  of  the  raised  earth,  and  stuck  out  in 
many  places  on  the  sides."  f     According  Ut  the  same  author,  Indian 

•  Vates  anil  Moultun,  ffi»(orj  i.f  New  York,  vol.  i.  p.  40;  New  York,  1821. 
tHSS.  otBev.  Mr.  Kirkland.  in  Moulton'o  .Vno  York,  vol.  i,  p.  16. 
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tradition  Bays  "these  vorks  were  raised,  and  this  battle  was  foaght 
betwixt  the  Seuecas  aud  Westeni  Indians.  -  -  -  In  this  great  battte 
the  Seiiecas  affirmeil  that  their  ancestors  wuu  the  victory.  Some  say 
theiraucestors  bad  told  them  there  were  800  of  their  enemies  slain  J  otdben 
iDchide  the  killed  on  both  sides  in  that  number.  Be  titis  as  it  may,  all 
their  historians  agree  that  the  battle  was  fought  where  thin  heap  (^ 
slain  are  bnrie^l,  before  the  arrival  of  the  Eui'cii>eanH,  some  say  three, 
some  four,  others  Ave  lives  or  ages,  reckoning  a  life  or  age  one  hundred 
winters  or  colds."*  Another  tradition  rei)rejwnt9  that  these  works  were 
erected  by  the  ancestors  of  the  Iroquois  in  their  wars  with  other  tribes  f 
and  with  the  French.}  Assuming  that  these  two  traditions  refer  to  dif- 
ferent periods  in  the  national  lifeof  the  Six  Nations,  they  do  not  conflict 
In  fact,  they  fit  in  together  very  cloaely,  and  as  Mr.  Sqnier  has  shown 
that  these  remains  are  but  the  abandoned  village  sites  of  the  recent 
Indians,^  they  may  be  said  to  l>e  sustained  by  the  traditions  of  the 
Iroquois  as  to  their  ex|>ulsion  from  the  region  near  Montreal,  and  their 
seizure  and  occupation  of  central  and  western  New  Yotk,|| 
Proceeding  towards  the  southwest,  we  come  next  to  the  Ohio  system 


*  HSS.  of  Kev.  Mr.  Kirklnnd,  I.  v..  p.  39.  It.  will  be  Heen  that  tbis  ai^coant  Imtm 
it  nncerUinwhethot  these  workewtroeriTtBd  liy  thp  t^enecasortheWesti^mlndiw*. 
So  far  M  my  piirpoHe  is  concemeil,  it  in  immaterial  which  of  tiiesr  trilies  Imilt  tbeii. 
The  following  extract  from  GoveniiicDeWittCliDbiii  will,  however,  clekrap  thadiffl- 
cultj:  "Some  of  the  Senec;ia  told  Mr.  Kirkland,  the  misaionftry,  that  tboMin  their 
territory  were  rained  by  their  aucestont  in  their  wnrB  witb  the  Weateru  Indians.'' 
Coll.  N.  T.  BUt.  Soc,  vol.  ii,  p.  92.  Cnuiparo  Ciiaick's  Hiilorg  of  llie  IroguaU.  put 
U,  pabliahcd  iii  gvhoolcraft's  Indian   Trihei,  vol.  v,  pp.  632  et  aeg. 

t  Note*  on  the  Iroquoit,  p.  112. 

1  Farmers  Brother  tolil  Dr.  King  that  the  mouuda  were  thrown  ap  aj^nst  the  in- 
curaiooH  of  die  French.  Tbis  was  ulxint  1810,  at  whicli  time  be  was  9i  years  old^ 
Drake'a  Indiana  of  North  America,  fifteenth  edition,  p.  604.  There  is  another  (n- 
ditiuu  given  by  Governor  lloWittCIintoninthe  Catlevliotia  o/  Ihe  A".  F.  BUI..  Soe..  vol. 
II,  p.  92,  to  the  effect  that  "these  works  were  thrown  up  by  an  army  of  Spauianli," 
etc.  I  do  not  tbink  it  neceaaary  to  give  it  in  the  text,  as  it  ia  prolisble  that  (he 
tradition  is  as  false  as  the  uvent  to  which  it  n-latea  ia  improbable.  However,  it 
may  be  well  to  add  that  llraut,  the  fenioits  Mobawk  chief,  in  vol.  ji,  p.  Ml,  of  bit 
life,  apeaka  of  a  tradition  that  "prevaiird  among  the  dill'ereut  nationa  of  luiliiD* 
throughont  that  whole  cxtenaive  range  of  ciiuntry.  ami  had  been  handed  down  tine 
immemorial,  that  in  .in  age  long  gone  by  there  came  while  men  from  a  tott\$D 
country,  aud,  by  consent  of  the  Indians,  eslnbliahed  trading  houses  and  aettltnieii(> 
whoi-e  these  tnmuli  are  found.  A  frietxlly  interconrae  was  continued  for  savoi*! 
years;  man;  of  the  white  men  brought  their  wives  and  had  children  born  to  Ibem 
-  -  -  These  circnmstauces  at  k-ngth  gave  rise  to  jenlonaies,"  ftiit]  the  colony  w" 
ultimately  destroyed.  Brant  expreaaed  no  opinion  aa  to  the  tnilh  of  the  tal«,  but 
added;  "that  from  the  vcaaels  aud  toots  whicb  had  beendng  up  in  those  moundn.M 
found  in  their  vicinity,  it  was  evident  tbat  the  people  who  had  used  theni  wtn 
French. 

^Aborigioal  MonumeiitaofNew  York,  in  Siitilk»oniait  Conlributions  to  Envrliif, 
vol.  t1,  chap.  vi. 

n  Morgau. /.ra!7u«  a/ lAe  Iraqaoit, 'p.  5.     Bartram  (John)   Obnrvalioni,  etc.,p.  ^i 


London,  1751.     Culdeu.  Five  Natioat,  p.  23.     De  Witt  Clinton,  I.  < 
w  V  anaA  1660,  p.  6.  _. ,  ,  y  C_i 
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ef  works,  aud  her«  again  we  have  several  traditions  as  to  tlieir  origin. 
One  of  these,  liftiided  down  among  the  Leiiiii  Lenape^an  Algonquin 
tribe — is  to  the  efi'et-t  tliat  when  they  had  reached  the  Mississippi  in 
their  migration  eastward,  they  found  tlie  country  east  of  that  river  in- 
babitf'd  by  »  powerfnl  nation,  called  tlie  Allegewi,  who  had  many  large 
towns  built  on  the  great  rivers  flowing  through  their  land.  At  first 
they  gave  the  Leniii  Lena{>e,  or  Delawares,  as  we  <;a]l  them,  leave  to 
pass  through  their  country,  and  seek  a  settlement  farther  to  the  east; 
but  for  some  reason  they  attacked  tliem  wliilst  crossing  tlie  river,  and 
inflicted  great  loss  upon  them.  The  Lenui  Lenape  tlion  formed  an  alli- 
ance with  the  Meugwe  or  Iroquois,  who  were  also  ou  their  way  to  the 
east  in  search  of  a  home,  and  together  they  made  war  upon  the  Alle- 
gewi,  stormed  their  towns  and  fortifications,  and  finally  expelled  them 
from  the  country.  Ileckeweldcr,"  to  whom  we  are  indebted  for  the  story, 
says  that  he  had  seen  many  of  their  fortifications,  one  of  which,  situ- 
ated on  the  Huron  Htver,  east  of  the  t^an dusky,  about  C or  8  miles  from 
Lake  Erie,  be  describes  as  consisting  of  "walU  or  banks  of  earth  reg- 
ularly thrown  up,  with  a  deep  ditcb  on  the  outside.  -  -  -  Outside 
of  the  gateway  were  a  number  of  large  flat  mounds,  in  which,  the  Indian 
pilot  said,  were  buried  hundreds  of  the  slain  AUegewi."  In  another" 
accountt  we  are  told  that  it  was  a  tradition  of  the  fiaskaskias,  Pianke- 
shaws,  and  other  tribes,  that  these  "fortified  towns,"  "entrenched  en- 
campments," or  -'garrisoned  forts,  many  of  them  with  towers  of  earth 
of  considerable  height  to  defend  the  walls  with  arrows  and  other  missile 
weapons,  ■  -  -  were  the  works  of  their  forefathers,"  who  were  us 
uunierona  as  the  trees  iu  the  wood;  but  that,  having  aftronted  the  Great 
Spirit,  he  made  them  kill  one  another. 

S)>eaking  of  the  collection  of  mounds  in  the  river  bottom  opposite  St. 
Louis,  just  below  the  old  French  village  of  Cahokia,  one  of  the  largest 
mound  centers  in  the  United  States,  Baptist  Ducoign,  a  Kaskaskia 
chief,  told  Oen.  Geo.  Uogers  Clark  that  it  was  "  the  palaace  of  his  fore- 
fathers, when  they  covered  the  whole  (country)  and  had  large  towns; 
that  all  those  works  we  saw  there  were  the  fortifications  round  the 
town,  which  must  have  been  very  considerable;  that  the  smaller  works 
we  (saw)  so  far  within  the  larger,  comprehended  the  real  palaace;  that 
the  little  mountain  we  there  saw  fiung  up  with  a  basin  on  top,  was  a 


*  Ilittorii'al  aecoant  of  the  Indian  Nalioni,  pp.  29  et  »eg,:  PhilailolpLin,  1819.  See 
^sntbat  nirioUB  mixture  iif  feet  anil  fuble,  Ciisick'e  HUtory  of  the  .Sijr  \atione.  John 
Xortuti,  a  Mubiiwk  chief  (in  vol.  n  odAte  ol',loBe|>h  Brunt,  iiut«  on  p.  486:  AlUan;, 
1S65),  Hays,  "There  wa«  n  triiilitiou  in  hiH  tribn  tli.it  they  wem  oonxtructed  by  a 
people  who,  iu  anvient  timpH,  oi'unpiRil  a  (^reat  extent  of  country .  but  who  had  been 
extirpateil;  that  there  h^l  Iteen  long  and  bl<Miily  wars  botwceu  tbia  people  aud  the 
Five  Nations,  iu  nliieh  the  latter  lind  been  finally  vietoriona." 

tMSS.  of  Gen.  George  Kognre  Clark  in  vol.  iv  of  Si^hooleraft,  Indian  IH&N,pp.l34 
and  135.  See  alto  Nolei  on  the  Iroquoit,  p.  162,  and  Broukenridgo,  Tine*  of  Louiiiana, 
p.M6:  Pittabutg,  18U. 

L:,y,l,.euL7  Google 


568  THE  MOUNDS   Of  THE  MISSISSIPPI  VALLEY. 

towei'  that  t'ontaiiieil  part  of  the  guard  belougiiig  to  tbe  prince,  as  firom 
the  top  of  that  height  they  could  defend  the  King's  house  with  their 

If  now  we  croBs  the  Ubio,  and  inquire  of  the  Creeks  or  MuBCOgees 
as  to  the  origin  of  the  works  tlisit  are  scattered  throughout  their  conn- 
try,  we  shall  find  that  they  too  ascribed  them  to  their  ancestors, 
though  they  differed  as  to  the  puri)ose3  for  which  some  of  them  were 
erected.  According  to  one  account  acertain  class  of  "conic  mounds  of 
earth"  were  thrown  up  att  places  of  refnge  against  high  water;  whilst 
a  more  probable  tradition  speaks  of  them  as  tombs  of  the  dead,  or  parte 
of  "an  ancient  Indian  towu,''f  jKtssibly  the  tiites  of  the  cabins  of  their 
chiefs  and  of  their  conncil-houHes  or  temples.  In  1847,  Sekopechi,t 
one  of  the  oldest  Creeks  then  living,  speaking  of  the  former  condiUon 
of  his  tribe,  said  that  they  erected  breast- works  of  a  circular  shape  for 
the  protection  of  their  families,  and  that  the  mounds  bad  no  existeuce 
previous  to  their  arrival.  Adair§  tells  us  that  "they  had  a  special 
name  for  their  old  round  earthern  forts;''and  Barti-am,||  speaking  of 
"the  artificial  mounds  or  terrac^es,  squares  and  banks  encircling  consid- 
^erab'le  areas" — the  monument'^  or  traces  of  an  nucient  town  that  once 
stood  on  the  east  bank  of  the  Ociuulgee,  near  the  old  trading  road, 
adds:  "If  we  are  tffgive  credit  to  the  accounts  the  Greeks  give  of  them- 
selves, this  place  is  remarkable  for  being  tbe  first  town  or  settlement 

'MSS.  of  Gen.  Clark,  (,  c,  p.  135.  He  odds:  "I  had  somewfacre  hmd  some  SDcitut 
account  of  the  Iovd  of  KaHkaskin,  formerly  containing  10,000  persona.  There  i»  not 
oiie  of  tliat  natioa  ut  ]ires«iit  kiiowo  liy  thHt  name.  -  -  -  I  one  day  spt  ont  ta  «• 
irbetber  we  could  discover  signs  of  siicli  a  population.  We  «ani1y  and  evidently 
trtu'od  tbe  toirn  for  npnariU  of  5  miles  in  tlie  bcautifnl  plain  1>elow  the  present 
town  of  Kahokia.  Tlicro  could  be  no  deception  here,  LecanHe  the  remaimt  uf  BDcirnt 
works  were  thick— tbonhole  were  tuounds,  etc.  -  -  -  Froutiiig nearly  tbefcniw 
of  thin  tuwn,  on  the  beigbtx,  is  a  pinnacle  called  the  Siigiir  (Loaf),  from  it«  Sgnrt. 
-  -  -  I  at  once  saw  that  it  wa«  a  hill,  eliajied  by  a  suiall  brook  breaking  throa{!li 
the  (larger)  hill  till  it  liail  formed  a  very  narrow  ridge.  ThiH  had  beeu  cnt  acniu, 
and  the  point  shaped  in  the  form  of  a  sugar  loaf,  perhaps  to  place  an  idol  or  a  tiMnpk 
on,  AS  it  could  not  be  more  conepieuous.  It  is  of  a  very  considerable  height,  aud  joa 
are  obliged  to  wind  round  it  to  Odcend  on  horHeback." 

i  Hawkins,  Slielch  of  Creek  Counlrn,  p.  38.  Schoolcraft  (vol.  iv,  p.  127),  quotion 
a  MSS.  copy  of  the  "  Sketch,"  says :  "They  were  atuo  designed  to  entomb  the  n^nmin) 
of  their  diBtioguia1ie<l  dead."  Bartram  {Travel*,  p.  522)  a.iys  that  tile  IndiaiuhHi' 
a  tradition  that  the  vast  four-square  terraces,  chunk  yards,  etc.,  at  Apalaebncla,  uld 
town,  were  "the  ruins  of  an  ancient  Indian  town  aud  fortreas." 

tSchoolcraft,  IndiOH  lYibee,  i,  p.  267. 

i  Hiilorg  of  Xorik  Jintrican  Indtam,  p.  67. 

ir'On  theeast  banka  of  the  Oomulgee  this  trading  road  mna  nearly  2  miles  tbron|;Ii 
ancient  Indiiin  tields,  vrhicli  arc  called  the  Ocmulgee  fields;  they  are  the  rich  lo" 
lands  of  the  river.  On  the  heights  of  thcne  low  grounds  are  yet  visible  mooniMDti 
or  traces  of  an  ancient  town,  such  ns  artificial  mounts  or  terraces,  sqaares.  mkI 
banks,  encircling  conaiderable  nreiis.  Their  old  fields  and  planting  land  extend  of 
and  down  tbe  rivor,  15  or  20  miles  from  this  site."  IVavelt  through  Floriia,  p.  SI; 
Philadelphia,  1791. 
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where  tliey  H»t  down  (an  tbe.v  tvrm  it)  or  estabiislied  tlieiii»elve»  after 
their  emigration  from  the  West,  lieyondthe  !^[issi8.sipt)i,  their  original 
native  coantry.  On  this  long  j(»urney  tlicy  sufti're<l  great  and  iiinu- 
merabledil&RultieH,  eucountering  and  vanquishing  ntinierous  and  val- 
iant tribes  of  Indians,  wlio  opposed  and  retarde<l  their  marcli.  Having 
crossed  the  river,  still  pushing  eastward,  they  were  obliged  to  mahe  a 
Rtand  and  fortify  themselves  in  tbii^  place  as  their  only  remaining  hope, 
being  to  the  last  degree  persecuted  and  weakened  by  tlieir  surrounding 
foea.  Having  formed  for  tliemselvcs  this  retreat,  and  driven  off  the  in- 
habitants by  degrees,  they  recovered  their  spirits,  and  again  faced  tlieir 
enemies,  when  they  came  off  victorious  in  a  memorable  and  deiusive 
battle.  Tliey  afterwards  gradually  subdued  their  surrounding  enemies, 
strengthening  themselves  by  taking  into  confederacy  the  vanquished 
tribes.""  These  are  a  few  of  tlie  traditions  that  have  come  down  to  ua 
as  to  the  origin  of  these  works,  aiid  although,  when  considered  by 
themselves,  they  are  not  perhaps  4iC  much  historical  importance,  yet, 
inoHmnch  as  the  question  is  not  as  ttt  their  truth,  but  ns  to  their  exist- 
ence, they  answer  my  purpose  as  veil  ax  if  each  one  of  tliem  vere 
foanded  on  fact,  and  had  been  handeii  down  from  generation  to  gener- 
ation without  a  break  or  a  blemish. 

In  regard  to  tlie  credibility  of  these  4lif}'erent  accounts,  a  few  words 
may  not  be  out  of  place.  As  has  been  said  befoi*,  they  can  not  all  be 
tme,  though  there  is  no  reason  why  some  of  them  may  not  lest  upon  a 
basis  of  fa«^t.  Take  for  instance  the  tradition,  found  In  some  shape 
among  almost  all  tribes,  that  these  works  were  built  by  ttieir  ancestors, 
and  test  it  as  we  may,  it  will  be  seen  that  so  far  from  being  impossible,  it 
is  rendered  more  than  probable  by  the  faut  that  some  of  the  most  elabor- 
ate of  these  remains  can  be  shown  to  have  been  erected  since  the  arrival 
of  the  whites.  The  evidence  of  this  is  furnished  by  the  mounds  them- 
Belvea,  or  rather  by  their  contents,  and  consists  of  articles  of  Euiopean 
mannfacture  that  were  buried  with  the  body  over  which  the  mound  was 
originally  erected.  As  an  instance  of  this,  take  tlie  series  of  works  at 
Circleville,  Ohio,  to  which  a  reference  has  been  made  on  a  preceding 
page.t     It  is  composed  of  a  circle,  square,  and  mounds,  all  of  which  are 


"And  yet,  nil  p.  520,  he  toIlHnstliftt  tlie  region  betwei-iitliK  Savanna  anil  Ocmiilgee 
riTem  "w»H  hiBt  possexauil  by  Ibe  Cberokoes,  since  Iheiirrival  iif  tlio  Knropi'aiin,  Imt 
thvy  were  aftfrirnrds  dinpofisessed  by  the  Miinpotpilgi's ;  ami  nil  tlint  couutry  tcsh, 
probably,  mnnj-  ague  prcK'ediiig  tlie  Clierokee  iiivnsiiiiL,  inliabiteil  by  one  nation  or 
cnnfederacy,  \Tho  were  rnled  by  tlii^siinie  HVHti'iu  nf  laws,  custoius,  mid  biugiiage;  but 
M  ancient  tliat  tlie  Cbcmkees,  Crei'ks,  or  the  nation  tliey  confiuereil,  could  render  no 
ftc<:onnt  for  what  purpose  tbeHi'  luonnnients  wiTe  raided."  On  p.  WG  the  siiine  state- 
ment is  made  in  rug^ard  to  a  poNt  or  colnmn  of  pine.  40  feet  liigh,tliat  Htiioil  in  the 
town  of  Antossee,  "on  a  low,  circular,  iirtificiul  hill,"  and  em  this  polo  could  not  have 
been  standing  for  very  ni.iny  generations,  it  is  evident  that  the  Indian's  account  of 
vhat  hii  ancestoi-B  did  or  did  not  know  miiHt  be  taken  with  a  great  deal  of  allowiiuce. 

t  See  ante,  foot-note  I  on  nage  DTiT. 
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So  joined  togeither  that  they  must  have  for  med  parts  of  one  connected 
whole.  Heat  the  ceoter  of  the  circle  or,  as  it  ia  called,  '*  the  roiiud 
fort,"  which  as  we  have  Heeii,  had  ont-e  been  inclone^l  liy  palisades,  wafl 
a  tumaliis  of  earth  alwnt  10  feet  i  ii  height  anil  several  rods  in  diameter 
at  its  base.  On  its  easteriL  side  and  extending  i>  rods  from  it,  was  a 
semicircular  pavement  composeil  of  pebbles,  such  as  are  now  fumit^ 
in  the  bed  of  the  Scioto  River,  front  whence  they  appear  to  have  b«en 
brought.  The  summit  of  thiB  tumulns  was  level,  nearly  30  feet  in 
diameter,  and  there  was  a  raised  way  to  it  leadin^from  the  east,  like  a 
modern  turnpike.*  The  earth  comjmsing  this  mound  was  entirely 
removed  in  the  presence  of  Mr.  Atwnter,  and  there  were  found  lying 
on  the  original  surface  of  the  ground,  and  ab<mt  20  feet  ajMrt,  tUe 
remains  of  two  linman  skeletons  that  had  eviilently  been  burned.  With 
one  of  these  skeletons  there  was  "the  handle  cithemf  asmall  sword  or 
a  large  kuife,  made  of  an  elk's  horn ;  around  the  end  where  the  blade 
had  been  inserted  was  a  ferrule  of  silvei'  which,  thougli  bla4;k,  was  nut 
much  injured  by  time.  Though  the  handle  showed  the  hole  where  tlie 
blade  bad  been  inserted  yet  no  iron  was  found,  but  an  oxide  remain^ 
of  similar  shape  and  size."  "With  the  other  skeleton  "there  wasalarge 
mirrour  about  3  feet  in  length,  1  jfcetinbreadth^  and  IJinches  in  thick- 
ness. This  mirroor  was  of  isinglass  {micamembranafea),  and  on  it  (was) 
a  plate  of  iron,  which  bad  become  an  oxide;  but  before  it  was  disturbed 
by  the  spade  resembled  a  plate  of  cast  irou." 

A  quantity  of  arrow-tieads  and  spear -points  were  found  with  one  of 
the  skeletons;  but  of  these  it  is  unnecessary  to  siieak,  as  they  proba- 
bly did  not  differ  from  those  that  lie  scattered  about  everywhere  in  the 
Ohio  Valley,  and  they  can  not  therefore  (except  indirectly)  throw  any 
light  upon  the  origin  of  these  works.  Kot  so  however  with  the  arti- 
cles of  iron  and  silver.  These  do  tel)  a  story;  and  whilst  they  do  nut 
indicate  the  precise  period  of  time  when  this  mound  was  erected,  yut 
they  enable  us  to  say,  with  some  degree  of  certainty,  that  it  must  have 
been  subsequent  to  the  arrival  of  the  whites,  for  the  reason  that  tlie 
nations  that  held  the  Mississippi  Valley  previous  to  that  event,  whetlier 
Mound-builder  or  recent  Indian,  may  in  a  genent)  way  be  said  to  ha\'e 
been  unacquainted  with  any  metal  exeept  native  copper;  and  this  tliey 
simply  hammered  into  shape,  or  possibly  "having  melted  it,"  tbef 
"spread  itinto  sheets,"  as  Ohamplain  (^Voffogeg,  vol.  ii,  p.  236:  Boston, 
1878)  tells  us  they  sometimes  did,  before  submitting  it  to  the  procees 
of  malleation.  Of  the  manufacture  of  iron  they  appear  to  have  been 
ignorant;  and  though  the  recent  Indians  were  unquestionably  ac- 
qnainted  with  silver,  beat  it  into  ornaments,  and  in   all  probabihty 


'  Ardufulogia  Jmerieana  vol,  i,  pp.  177,  el  tri/.  Sph  illao  Stiiiler,  Abor.  3ltt.  »f 
A'eiF  Tort,  p.  107;  Stoue,  Life  of  hrani,  vol.  ii,  p.  185,  and  !<cli(M>1craft,  I^ai  Hi— 
of  Uiuonri,  p.  2T4.  for  notices  of  other  rooiiniis  that  have  bceu  tiuilt  ia  the  Sttteof 
"' '     "ithin  uompBTativoly  recviit  timea. 
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sometimes  oTerlaid  copper  with  it,*  yet  the  evideuce  of  ita  u^  is  rela- 
tively 80  slight  as  scarcely  to  merit  recognition.  Upon  these  points  all 
archceologiats  are  ngreed;  and  when  therefore  we  are  told,  uiwn 
authority  that  has  never  been  questioned,  that  implements  of  iron  and 
silver  were  found  ^ritti  the  eharred  bones  of  a  person,  over  who^e  re- 
mains »  most  elaborate  mound  had  been  erected,  it  is  proof  positive  of 
the  recent  origin  of  this  particular  mound,  and  infereutially  of  the 
group  of  works  of  which  it  formed  a  component  part.  There  is  no  es- 
caping this  conclusion  except  npon  the  theory  that  the  people  who 
ere4-ted  these  works,  supposing  them  to  have  belonged  to  a  different 
race  from  the  Indians,  were  acquainted  with  the  useof  iron  and  silver; 
and  to  admit  this  is  virtually  to  re-write  the  arcbfeology  of  the  Missis- 
Bippi  Valley. 

Nor  is  this  the  only  instance  in  which  objects  of  European  manufac- 
ture have  been  found  under  such  <:ircuniKtance.s  as  to  indicate  that  they 
were  used  by  the  people  who  found  shelter  behind  these  earthen  walls. 
In  Tennessee,  near  Uarfreesboro,^  similar  discoveries  have  been  made. 


*  "One  of  tbem  had  baneiDg  abont  liU  neck  n  round  pints  uf  red  coppvr,  wellpol- 
idhed,  with  a  amall  on«  of  silver  Itiiug  in  the  middle  of  it;  aud  on  bineara  aHmali 
plate  of  copper,  with  whirb  they  wi]ie  the  sweat  awjiy  from  tUeir  bodies :"  Ribault 
(1562),  in  HM.  CoU.  of  Loniriana,  p.  178:  New  York,  J8T6.  Both  RibnuU  and 
Laudoanifere  make  repeattrd  mention  of  silver  niid  uveii  gold,  but  the  latter  writer 
(Hakliiyt,  vol.  til,  p.  369)  tclla  us  tbat  it  in  "gott«noutof  Ibe  Hhtppes  that  nre  lost 
upon  the  coast,  lui  I  haveunderatoo<l,by  tbosauii);estbemBu1iiBa."  Hariut  (Hakluyt, 
Tol.  Ill,  p.  327:  London,  1810),  speaks  of  "two  Bmall  piei'cs  of  silner  grosl;  beaten 
-  -  -  hanging  iu  tbe  ears  of  a  WiToauH;  •  -  -  of  wbum,  through  inquiry,  ■  ■  ■ 
I  learned  tbat  it  bail  cume  to  his  bands  from  tbo  ttame  place  or  neere,  where  I  after 
understood  the  copper  was  made,  aud  tbe  white  gniiui-sof  metallfouud.  Tbuafore- 
layd  copper  we  also  found  by  tryiLll  Ui  bnlile  siiuer.''  In  this  connection  the  copper 
"bosses  overlaid  with  a  thick  plati>  of  silver,"  found  liy  Dr.  Hildri'th  in  a  mound 
at  Uarietta,  Ohio,  becomes  of  interest.  Judge  force,  to  whom  I  have  so  often  had 
occasion  to  refer,  examinoit  one  of  these  H|>eciniens,  and  telli  ns  ( To  iekat  Kace  did 
tit  Afotind-bttildtrH  Helong,  p.  49).  tbat  *'  it  is  native  cop|H<r  hammered  into  shape." 
Ho  also  adds  tbat  "in  the  Lake  Superior  mines  silver  is  found  iu  connection  with 
the  copper,  aud  the  miners  there  now,  t:ikiug  advantage  of  good  spt^cimeus,  hammer 
them  iuto  rings,  with  the  silvt-r  on  tbe  exterior  surface,  making  copper  rings,  silver- 
plated  by  nature,  precisely  as  the  Mound  builder  artisan  did  wbo  made  the  boss  at 
Marietta,"  and  we  may  udd,  as  tbe  lloriila  Indian  diil,  wbo  made  the  oruauiont 
spoken  of  by  Ribaiill.  In  another  mound  at  Marietta,  half  a  mile  east  of  the  earth- 
works, was  found  a  silvec  <'np,  evidently  not  of  Indian  workmanship,  which  School- 
craft (Lead  Hinei  uf  ilianouri,  p.  27'1:  New  York,  1819)  describes.  It  Iwlonged  to 
a  Mr.  Hill,  of  Cabokin,  and,  according  to  that  ji^ntleman,  had  been  brought  to  light 
liytho  gra'lual  washiDj;  away  of  the  mound  by  a  small  stream  which  ran  at  its  base. 

Iltans  Tangle  uord-ouost  dn  comti^  de  Franklin,  au  coulluunt  de  deux  branrbes  les 
pins  ni^ridionales  du  Duck,  on  voit  lea  ruinea  d'un  visux  fort  indien,  liommii  Stone- 
Fori,  ijni  couvre  nne  istendue  de  trontc-deui  acres.  -  -  -  A  la  distance  d'un  dewi- 
mille  environ  an  nort  et  au  noi-il-ouest,  Ton  rencontre  deux  tertres,  dont  I'lin  a  cent 
pieds  de  longuenr  et  vingt-cinq  de  bauteur  sur  viiigt  de  largeur,  et  1'autru  soiiante 
pie<ls  de  longueur  et  vingt  de  hauteur  sur  dix-buit  de  largeur.  <>u  voit  croitro  siir 
lee  murs,  comme  sor  les  tertrea,  des  arbres  aussi  grands  que  cenx  de«  forf'ta  voisines. 
Od  a  d^oavert  rf  cemmant  dans  iin  de  ces  tertras  uu  sabre  dtt  deux  pieds  de  loug,^ld  1 1_^ 
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whilst  iu  Jfnw  York  ■  and  Florida  tliesu  ••  ttudu,"  as  they  are  conimoiily 
vailed,  have  been  so  frequent  ^m  to  make  it  uiinecc-wary  to  refer  to  them 
in  detail,  and  1  content  myself  witlitlie  following extra<'t  from  tliefuar- 
teenth  aiiDual  report  of  the  Peabody  Museum,  f  which  it  in  needless  to 
say  is  heartily  indorsed.  Speaking  of  snmi' dLst'overies  made  by  l>r. 
David  Mack,  jr.,  in  the  course  of  his  explorations  in  Oninge  County, 
Fla.,  Mr.  Putnam  holds  the  folhuving  emphatic  language :  "  One  groni» 
of  mounds  was  inclosed  by  an  embaukment,  and  was  very  likely  the 
8it«  of  an  ladian  village.  In  a  burial  mouinl  iu  tlUH  gnmp  a  unmber  vf 
ornaments  made  of  silver,  copper,  and  brass  were  found,  also  glasK  bead:* 
and  iron  implements,  which  were  associated  with  pottery  and  stone 
implements  of  native  make.  This  furnishes  cont^lusive  evidence  that 
the  Indiana  of  Florida  continued  to  build  mounds  over  their  dead  after 
European  contact;  for  the  care  with  wliicli  the  exploration  was  made, 
and  the  depth  at  which  the  skeletons  and  their  associatetl  objwts  wen 
tbund  are  concltiKivo  its  to  the  hiu-ials  being  the  original  ones  and  not 
those  of  an  intrusive  people."  It  is  unnecessary  however  t4>  pursue 
this  branch  of  the  subject  any  farther.  Tbe  instances  qnot^il  al)ore, 
admittiug  them  to  be  true  (and  I  do  not  see  how  it  can  be  doubted), 
prove  very  clearly  the  recent  origiuof  the  particular  mounds  and  worfcH 
to  which  they  refer.  To  increase  thenumber  of  such  extracts  is  simply 
to  accumulate  evidence  ux>on  a  point  about  which  there  can  Dot  be  two 
opuiious. 

Having  thus  cleared  our  minds  of  some  of  the  illusions  in  wliich 
this  subject  has  been  enveh»i>ed,IetU8nowtnrn  totheearlychroniclerw 
and  see  what  they  really  do  t«ll  us  of  the  origin  of  these  works.  Iti 
examining  into  this  evidence,  the  division  heretotbre  made  of  these 
remains,  into  mounds  and  embankments  or  inclosures,  will  beadliemi 
to,  though  the  order  in  which  they  are  to  be  taken  up  will  be  reversed, 
and  the  mounds  will  be  first  considered.  These  will  be  treated  uinlcr 
the  heads  of  (1)  Stone  heaps  or  cnirns;  (2)  Conical  mounds  of  earth  or 
burial  mounds,  and  (3)  Truncated  or  temple  mounds.  There  are,  of 
course,  other  divisions,  but  for  my  iiuqiose  these  are  l>elieved  to  be 
sufScient,  as,  with  the  exception  of  the  animal  mounds,  about  whieb 
nothing  definite  is  known,t  all  the  rest,  so  far  as  size  and  mode  of  con- 

r  la  furme  lie  toulos  lee  anuen  ile  celtp  (i8|i<'i'o  ilont  uii  »e  soil  sorvi  depiu* 
les  Eiinipi^eiiH.     Drs  ilrbrin  tie  viiiiisi'lle  nt  plnaienrs  liriqiies  pnti^rea  At 
cs  Kunfa  et  de  trois  poiicea  <rp|>aisHeur  ont  ft6  tronvfa  an  Dipme  lien:' 
Intiquilit't  de  VAmirique  .Seplenlrion<ile,  p.  51 :  ParlB,  1827. 
I  account  of  these  works  see  Sihooli-ruA',   .VulM  an   the  Irvquait,  (JUrk'i 

and  Sqiiier,  Aborigiual  Mouumi>t)tn  "f  Kew  York,  in  vol.  ii,  SmUktemm 
ma  to  Kmnrlidge. 

7,  Cambridge,  1881.     Se«  also  Iteporl  Smilhaoniaii  Inttii^tiuit  {at  IXTi.  pp- 
5;  Jonc»,  Antiiiuitlea  of  the  Svulhem  Indiang,  p.  l:tl.  und  Tirelfth  JhhuhI  St- 

Peahodg  .)/ii«rum,  iu  vol.  Ii,  p.  460. 

the  explanation  ^iveu  in  that  ciiriuuH  book,  "Tbe  TraditiuQH  uf  Decowlih,' 
accepted  as  authority,  and  this  is  ei-urcelf  advisable  in  the  present  itsto 
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stnictioii  are  coiicerued,  may  be  brought  uuder  one  or  the  other  of  these 
beads,  though  it  is  not  iatended  thereby  to  iis-iert  anything  as  to  the 
object  or  purpose  for  which  they  were  erected,  except  in  so  fstr  as  it  is 
iniuie  known  to  nn  by  the  authorities  to  whom  a  reference  may  be 
net-essary. 

First.  Beginning  with  the  stone  heaps  or  cairns,  we  are  informed 
that  they  were  either  intended  to  commemorate  some  notable  event,  an 
a  treaty  of  peae«,"  a  victory,  the  settlement  of  a  village,  the  passage  of 
a  war  party,}  or  else  they  were  tlirown  np  as  landmarks,  or  as  me- 
morials Qver  the  dead.t  They  seem  to  have  been  very  widely  distrib- 
ate<l  throughont  the  area  of  the  Unit«d  States,  as  they  are  to  be 
found  as  far  to  the  eastward  as  New  England ;  §  they  are  more  or  less 

of  our  kiiowleilife.  Tbeonly  etatomciit  that  I  liiid  in  any  of  tbu  early  chroniclvra 
which  ciin  ponBibly  lie  coiistrned  into  a  reference  to  thcae  moitnitu  is  in  Charlevoix 
{TraTtlt,  vol.  ■:,  p.  4S),  au<l  eveo  Id  this  cnse  it  can  only  l>e  bo  ciiiutriied  bj  tuppoBtag 
that  by  "  the  great  beaver"  ia  meant  the  '■  beaver"  geiia  of  some  tribe.  CbKileToiK 
there  speaka  of  a  mouiitaiu,  near  Lake  Nipisaiug,  Id  theBhapeof  a  beaver,  and  gftya: 
"The  Indians  maintain  that  it  was  the  great  bi'avur  who  gave  this  form  to  the 
uouiitain  after  he  bad  made  choice  of  it  for  his  hnrial  place.  They  never  pOM 
-    -    -     nithout  offering  him  the  siuoke  of  their  tiihnrco." 

•Beverly,  VirgiHin,  bocik  ill,  p.  27:  '"Tht-y  use  formal  emliaHsies  for  treating,  and 
very  ceremonious  ways  in  oonclnding  of  peace,  or  else  some  other  meiuurable  action, 
Buch  oe  baryin|{  a  tomabaivk.  and  raising  iiu  heap  of  stones  thereon."  Brinton,  in 
Amer.  Anti(|itaTian  for  October,  1881,  [[niitingBlomea,  sajs  of  the  tribes  sontlt  of  the 
Stvanuah  river,  "that  they  erected  piteHor  pyramids  of  Btooea  on  the  occasion  of  a 
HCCesBfnl  conflict,  or  when  thoy  fouiiilcil  a  new  village." 

I"  We  observed  a  pile  of  stones,  -  -  -  irhieh  I  was  informed  bad  been  thrown 
npan  a  monntnent  liy  the  Usages  when  they  ymra  going  to  war,  each  warrior  casting 
a  Htiine  upon  the  pile:"  Nnttall,  Arkanm  Territorg,  p.  149;  Philadelphia,  1821. 
This  may  have  been  merely  a  ''landmark:"  Dur  U'itd  [ad'iaat,  by  Col.  Dodge,  p. 
557:  llartforil,  1882. 

l"To  perpetnat«  the  memory  of  any  remarkable  warriors  killed  in  the  woods,  I 
mnst  here  observe,  that  every  Indian  traveller  an  hu  iKisaes  thut  way  throws  a  atone 
on  the  place,  according  as  he  likes  or  dislikes  the  oeeasinn  or  manner  of  tbe  death 
of  the  deceased:"  Adair,  p.  181. 

\  Mountain  Monnineut,  in  Berkshire  County,  Mass.,  in  a>\  cnlleil  f^om  the  fact  that 
■titBsuutbom  extremity  ia,  or  was  a  few  yearn  eiucc,  a  pile  of  small  stones,  erected, 
according  to  trwlition,  in  memory  of  a  woman  of  the  iStockbridgo  tribe,  who  killed 
hi'fwlf  by  leapinK  from  the  precipice;"  W.  C  Bryant,  ,Vo(e»  lo  Pom'-.  I'hilMlel- 
phia,  1849.  According  to  the  Amer.JoHmal  of  Scienre,  vol.  vii,  )i.  159,  mention  is 
made  in  Dr.  Dwight's  Trarela  in  Cotmeeiieul,  etc.,  "  of  two  of  these  stone  tumuli, 
which  appear  to  have  been  eroi-teil  over  offenders  against  the  law."  See  also  Abo- 
riginal Mod.  of  New  York,  p.  160,  for  an  aceount  taken  fh>m  IIopkins'sMemoir  of  the 
Housntonic  Indiana,  of  the  erection  of  "a  large  heap  of  stones,  -  -  -  probably 
lOcart  loads,  in  the  way  to  WanhlHkook,  which  the  Indians  have  thrown  t-ogethiT  as 
they  passed  by  the  place;  fur  it  uned  to  be  their  custom,  every  time  one  passed  by, 
to  threw  a  stone  uiion  it,"  ete,  1  must  ccuifess  that  I  don't  know  where  this  eairn 
wiiB  >.itnat*'d  or  when  it  wa»  built,  and  it  doex  not  much  matter,  as  from  tbe  name 
of  the  tribe  it  is  evident  they  were  of  Xew  Kiigland  origin.  See  also  Dorninu, 
'Jrijia  of  PTimiUrt  Superililioiiii.  p.  185:  Philadelphia,  1881,  and  Haven,  in  vol. 
VI|i  of  5nil(A*<H«taa  Contribalioni  to  Knomledge,  pp.  31,  et  tcq,  _^ 
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oumeroiiB  ia  New  York,  *  throughout  the  Ohio  Valley,  f  and  the  States 
still  further  to  the  eoatb,t  whilst  iu  the  West  they  are  kuowu  to  have 
been  erected,  within  the  present  generation,  by  "tribes  living  in  the 
Rocky  MoontaiDM  and  the  Sierra  Nevadas.''^  In  point  of  size  there  is 
a  wide  difference  among  them.  A  large  majority  consists  of  not  more 
than  "two  or  three  cartloads  of  stone,"  though  Squier  speaks  of  one 
situated  near  the  Indian  trail  that  led  from  the  Shawnee  Tillage  at 
Ohilltcothe  tu  the  mouth  of  the  Scioto  River  as  being  rectangular  in 
flhape,  and  originally  quite  symmetrical  in  ontline,  and  ineasaring  106 
feet  long  by  60  broa<1,  and  from  3  to  4  feet  high.||  Where  intended 
as  memorials  of  the  deiid  they  are  sometimes  piled  up  over  a  single 
corpse,  or  they  may  serve  to  mark  the  site  of  one  or  more  of  those 
general  interments,  when  the  dead  of  an  entire  village  or  a  clan,  for  a 
number  of  years,  were  collected  together  and  buried  in  one  common 
grave.1|  This  latter  form  of  burial  was  not  confined  to  auy  one  fomily 
or  stock  of  tribes,  but  seems  to  have  been  common  to  all,  and  was 
always  attended  with  great  ceremony. 
The  Jesuit  Fathers  Breboeuf**  and  Lallemaut  H  give  us  very  foil  and 


*  A.  pile  of  HtoneH.  -  -  -  Iiidinu  tradition  says  tliat  a  Mohnnk  mmilered  ■ 
brother  (or  two  of  tlivin)  on  tlio  spot,  nod  tiiut  this  tumulus  was  erected  to  rom- 
neiuorate  tlie  event.  -  -  -  Tbey  nil  Kast  ii  stone  upon  tbo  i)ile: "  Howe,  Biiloh- 
cal  ColUetiant  of  Xeiii  Tort,  p.  278:  New  York,  1842. 

\  Archaolagia  Antericana,  vol.  I,  pp.  131-184,  Jnr.  ifoii.  of  tke  MiitUiippi  rnlltf, 
)).  184.  See  also  a  note  to  p.  362,  vol.  ii,  EeporU  of  Ihe  Peabodg  Jfiunm:  Cuo- 
bridge,  1880. 

t  "Seven  henpit  of  stoDes  being  luODnmeuts  of  Boven  Indians  slain  bf  the  SiDDe- 
gan : "  Lawsun,  Carolina,  p.  14.  See  nisu  Jefferson,  .Volfn  on  Ftrgi»Ut,  p.  191.  and 
Jones,  Antiquiliei  of  Ibr  Sonlhem  Indiant,  p.  127,  for  an  aecoUDt  of  iDch  cainis  in 
Virginia  and  Georgia. 

4  Yarrow,  Morlnarg  f-'ustonw  of  Ihe  Xorlh  Jmertonn  Indian*,  p.  48:  Wasbingtoa, 
1880.  See  also  United  Slale»  Geographital  Survf^f,  westoftbe  lOOth  meridian,  toI, 
VII,  pp.392  and  394.  One  of  these  cairns  was  25  feet  long,  20  broad,  and  10  feethifch, 
and  covered  the  body  of  a  warrior  called  bj  the  Mormons  Xabbynnnck.  8ee  iIm 
Beeonnoirtanct  of  Xtrrtlitralerti  ITyomipg,  by  Capt.  Jones,  U.  S.  Army,  p.  27^ 
where  wo  are  told  that  among  the  Sliushoues  "  the  tiead  are  usually  buried  in  sbal- 
low  graves  and  covered  with  a.  low  mnnnil  of  loose  stones." 

II  Anc.  Mon.  .Uim.  Valley,  p.  184. 

ilCol.  C.  W.  Jonckoa,  superintendent  of  the  CoruDilnm  mines  in  western  North 
Carolina,  says:  "We  have  Indians  all  about  us  with  traditions  azlending  back  for 
five  hntidrerl  years.  Iu  tbis  time  they  have  buried  tbeir  deart  under  huge  piles  of 
stones.  We  hare  at  one  point  the  remaiiisof  600  warriors  under  one  pile:"  Foster, 
Prclii'loric  Bartu,  p.  149:  Chicago,  1873.  As  ttie  Cherokces  had  held  the  region 
where  tbis  cairn  was  situated  from  time  immemorial,  this  was  probably  one  of  tkcli 
graven.  That  they  did  bury  their  dead  in  tbis  fashiim  may  be  inferred  from  astsle- 
mont  of  Adair,  who  tK'lls  us,  in  a  note  to  |i.  185,  that  "  the  Cheerake  do  not  now  col- 
lect tbi>  bones  of  their  dead,  yet  they  rontinue  to  raise  and  multiply  heaps  of  sIodm 
as  moiiumentji  of  their  dead."  See  also  Auc.  .Von.  of  the  Hii:  ToJlej,  p.  184,  for  an 
account  of  a  similar  int^rrmeut  in  Pickaway  County,  Ohio. 

•■  Kelnnon  rn  r«nN(V  1636,  rha|>.  viii  and  ix:  Quebec,  1858. 

■•ilioii,  A.  II.  1642,  pp.  94  fl  teq.  ,--  , 
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interesting  accounts  of  the  manner  in  which  these  fimeraU  were  con- 
dactetl  among  the  Huron  and  Algonquin  tribes  of  the  north;  and  the 
freqaeut  mention  made  of  tlie  custom  of  the  Indians  south  of  the  Ohio 
of  preserving  the  bones  of  the  dead*  leaves  no  doubt  as  to  the  preva- 
lence of  this  form  of  interment  throughout  all  that  region,  from  the 
time  of  De  Sotot  down  to  a  comparatively  recent  i>eriod,  even  if  there 
were  not  other  and  positive  e\i(lenco  of  the  fact.  It  is  worthy  of  note, 
however,  that  neither  one  of  the  Jesuit  fathers  named  makes  any  men- 
tion of  the  erection  of  a  mound  or  cairn  upon  the  occasion  of  one  of 
these  general  burials,  or,  in  fact,  at  any  other  time,  thougli  Morgan, 
speaking  of  the  funeral  customs  of  the  Iroquois,  is  of  the  opinion  that 
the  "barrows  and  bone  moun<ls,  which  have  been  found  in  such  num- 
hers  in  various  parts  of  the  country,"  are  to  be  ascribed  to  the  practice 
of  disposing  of  their  dead  in  this  fiiHhion,  and  this  is  confirmed  by  De 
Vries.  J  Be  this  as  it  may,  there  seems  to  be  good  grouiul  for  the  asser- 
tion that  some  of  the  tribes  belonging  to  the  Huron  Iroquois  family 
were,  at  onetime  and  under  certain  conditions,  in  the  habit  of  erecting 
stone  heaps  over  the  .-single  graves  iu  which  their  dead  weie  temporarily 
deposited.  Lafitau  ^  statics  the  fai^t  itositively,  and  Adair  ||  tells  us,  on 
the  anthority  of  "a  gentleman  of  distinguished  character,"  that  the 
Mohawks — one  of  th,c  Six  Nations — were  accustomed  thus  to  honor  their 
dead.  From  other  sources  we  learn  that  the  Onondagaa,  another  mem- 
ber of  the  same  confederacy,  whenever  they  lost  a  fi-iend  away  from 


'Bortram,  lV(ireJ«,p.5U.  A<1air,  p.  183.  LaWHon, p.  182.  Dn  Pratz,  vol.ii,p.2U, 
Beverly,  book  iii,  p.  29.  Biuisii,  Traerla  through  Louisiana,  vol.  i,  p.  298:  Londnn, 
1771.     Bernard,  RomanB,  pp.S9, 90. 

IKniftht  of  Elvae,  in  Hitl.  Coll.  of  Lonitxana,  part  ii,  p.  1213.  LaVega,  Ht^tortt-  rie 
la .Florirfe,  premiiTe  partie,  pp.261  ft  otq.,  and  Beconde  partie,  pp.39  ei  tej..-  Paris 
1709. 

iLeague  of  llie  Iroquoii,  p.  173.  "  1  bave  seen  at  the  north  (Fort  Orange),  great 
iDDltitndes  of  Indians  assembled,  wbo  had  collected  togetlier  the  bones  of  their  an- 
cestors, cleaned  tbrnii,  and  bound  tlif  in  up  in  small  bnndiea.  Tliey  dig  a  square  grave, 
tbo  size  and  length  of  a  peraon.  -  -  -  Tliej  then  bar;  tbe  boues  in  the  giave, 
witb  a  parcel  of  Zee  wan,  and  with  arrows,  kettles,  knives,  paper,  and  other  Icniok- 
knacke,  which  are  held  ingreat  esteem  by  tlieni,  and  cover  them  with  earth,  and  plac« 
paliiadea *rotind  them  as  before  nientionoil,"  The  "as  t>efore  mentioned"  refers  to 
a  grave  that  was  "  seven  or  eight  feet  io  the  shape  of  a  sngar-toaf."  De  Vries,  Poy- 
agtt,  p.  164 :  New  York,  JWi3. 

i"Lenrs  fosses  Bout  de  [lotitos  logea  ereuHros  en  rond  comnie  dos  puita;  -  -  - 
on  les  natte  en  dedans  de  tons  coti^s  avee  des  fcorc^es )  et  apri'S  y  avoir  log6  le  cada- 
ne,  on  y  fait  une  vonte  presque  an  niveau  du  sol  avec  ilcs  i^corces  semblables,  et  des 
pleax  qn'  on  cb.irgede  terro  et  ilc  pierros  it  iinoriTtnine  hauteur,  qui  tit aussi donuer 
k  cell  tombeaux  les  noms  d'  Agger  eX  dc  TumHlHit:"  Uoeurt  de»  Saurageg  Ameri- 
qMint,  vol.n,  p.  41(1. 

I "  Many  of  tbe«e  heaps  am  to  be  seen  in  all  partHoftiierontineDt  of  North  America. 
■  -  -  Although  the  Xohawk  Indians  may  be  reasonably  expected  to  have  lost 
theii  primitive  customs,  hy  reason  of  tbcir  great  interconTHc  with  foreigners,  yet  I 
vas  told  by  a  e<:iit1<^n>an  of  distinguLKlicil  character  that  thc.v  obHprve  the  aforesaid 
Mpnlcbrol  custom  to  this  dav : "  yorlh  Amrrican  Indiani,  note  to  p.  185.     ,  -~  i 
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home,  buried  bimwitbK''**atso!eiunity,aDil  ever  after  when  tbeypi»t(e<l 
tliat  way,  visiteil  the  Kput,  usTtally  sin^ja;;;  a  monniful  sung,  and  (tast- 
ing stoues  upon  it."* 

AtnoDg  the  tribt-s  uf  the  Algonquin  family,  as  well  as  among  those 
inhabiting  the  Unlf  Stateii,  and  which,  for  the  sake  of  couveiiience,  <iro 
have  called  the  Appalachians,  the  custiim  of  erecting  these  stone  heaps 
or  cairns  seems  to  have  been  more  br  less  prevalent.  Vaudor  Doiicb 
tells  us  that  the  Indians  of  New  Netherlands  buried  in  graves,  aboTo 
which  "  they  placed  a  large  pile  of  wooil,  stone,  or  earth,"  and  around 
this  "they  placed  palisades  reacmbling  a  small  dwelling."t  In  Vir- 
ginia, according  to  Capt.  Smith,  the  Powhatanic  tribes  had  certain  nltar 
stones  which  stand  "  apart  from  their  temples,  some  by  (heir  houses; 
and  others  in  the  woods  and  wildernesses;  where  tliey  have  ha<l  any 
extraordinary  accident  or  encounter.  As  you  travel  by  them  they  will 
tell  you  the  cause  of  the  erection,  wherein  they  instruct  their  chil- 
dren; so  that  they  are  instead  of  records  and  memorials  of  their  an- 
tiquitie8."t  In  Lawsoii's  account  of  bis  journey  through  the  Carolinu 
he  speaks  of  a  "  sort  of  tomb;  as  where  an  Indian  is  slain,  in  that  very 
place  they  make  a  heap  of  stones  (or  sticks,  where  stones  are  not  to  be 
fouud);  to  this  memorial  every  Indian  that  passes  by  adds  a  stone  to 
augment  the  heap,  in  respc<;t  to  the  deceased  hero-^s  The  ('berokew, 
as  we  have  seen  above,  also  buried  their  dead  in  thi«  same  munner;  I 
and  among  the  Cbickasaws,  Choctaws,  and  tribes  belonging  to  tbe 
Creek  confederacy,  with  whom  Adair  lived  and  traded  for  so  many 
years,  it  was  not  nnnsual,  in  the  woods,  "  U*  see  innumerable  hea^is  uf 
small  stones  in  those  places  where,  according  to  tradition,  some  of 
their  distinguished  iieople  were  either  killed  or  buried  till  their  bones 
(■ould  be  gathered ;  there  they  add  Pelton  to  Ositn,  still  increasing  eoih 
heap,  as  a  lasting  monument  and  honor  to  them  and  an  incentive  to 
great  actiiuis."!! 

Among  some  of  the  tribcK  living  to  the  west  of  tbe  Missisaippi, 
e8i>ecially  those  inhabiting  portions  of  the  region  now  kuowuastbe 

'J.V.  ILCInrk,  Ouonda<ja,vo\.  I,  {i.S2:  Syracuite,  Iftl9.  Mr.  Clsrk  eoenm  to  Ii3t« 
derived  his  iuformation  aa  to  llii'  funucr  ciixtiiinB  »f  tlic  OiioudngDH  from  tlie  nomiiut 
fumislierl  by  La  Fort  (so  In-  wrote  Linownnamp),  |irim'ipal  clii<-r  of  the  OnonAoRt'. 
and  "kocpcrcif  the  coiiiiciltirfcof  the  Six  Nntiims."  wbo  ilieil  OiitolierTi,  IHW.  M«- 
cauley,  -Yen'  York,  vol.  II,  p.  239,  Baya;  "  Soinctiiiifa  they  rniKeil  lieups  of  atone*  oTM 
the  bodiett  of  diatiuKuisbril  cbiefN."  but  he  iloes  not  ^ive  his  untbiirity  for  tbe  atot^ 

fNew  York  llinl.  Coll.,  new  series,  vol.  i,  p.  202.  Tliese  Indiaos  were  l*noi 
Lenape,  or,  as  tro  mil  them,  l>elan'ares,  anil  their  coDcenBTH.  Kzrept  that  taud  vu 
used  iniitead  of  Htoura  or  eiirth,  the  Indiana  of  1'lyinoiith,  Maae,,  probably  baned  ia 
uiiii'h  tbp  saiiif  iiiaiiDei'.  Si-u  PiiTebuN  I'iljiriiw.  ral.  iv,  p.  1847,  wbeie  the  sanieeom- 
paTiBOD— "  of  the  uravi'  to  au  Inilinii  honse"— iHUWxl. 

tPiinbas  Pilgrim',  vol.  iv,  p.  17(12. 

i  HMorg  of  CaroUna.  p.  22:  London,  1718. 

II  Rartram,  Tntrih.  p.  S18.     Adair,  nolv  to  p.  185. 


1iai»i,  t>/,Vor(A  Amt 
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States  of  Missouri,  Kansas,  anti  Aikaiiiuis,  this  same  custom  is  said  to 
have  obtained.  Tlie  Osjiges,  as  is  elsewbere  stated,  erected,  on  one 
occasion,  a  pile  of  stones,  as  a  monument,  when  they  were  goin^  t« 
war;  and  if  we  may  credit  the  acconnt  given  l>y  Hunter  of  the  man- 
ners and  customs  of  this  and  some  other  Westeni  tribes,*  they  some- 
times, "  at  or  soon  after  burial,  cover  tlie  grave  witli  stones,  and  for 
years  after  occasionally  resort  to  it,  and  mourn  over  or  recount  the 
merits  and  virtues  of  its  silent  tenant."t  This  was  not  however  the 
oDly  form  of  interment  practiced  among  them,  ns  we  are  told  that  "this 
cerunony  was  performed  diiferently,  not  only  by  different  tribes,  but 
bj  the  individuals  of  the  same  tribe,  ■  -  -  the  body  being  some- 
times placed  ou  the  surface  of  the  ground,  between  flat  stones  set  edge 
npwarda,  and  then  covered  over,  first  by  similar  stones,  and  then  with 


*"\Vhnt  remains  to  be  said  of  thr  Iniliansrelulea  more  particularly  to  the  OBikgeit, 
ilthongli  it  'will  apply  ^itb  almost  ns  nmcb  propriety  to  the  Kansas,  Mabos,  and 
Ottawa!.  In  fact,  if  we  except  tbo  roviug  banda,  tbe  circumstances  of  the  Indians 
settled  immediately  to  the  west  of  the  Missonri  and  MissiHsi]>pi,  are  so  very  siratlur 
tlutt  tbe  delineation  of  any  pnrticutiir  Dation  or  tribe  will  auswer  for  tbem  all,"  etc. : 
llanteT's  CaptiHty,  p.  213:  l.ondon.  1H23.  Exactly  what  amount  nf  credence  ia  to 
be  placed  in  these  "  Memoirs  "  is  a  |>oint  abont  wliicb  opinions  differ.  Oeu.  Cass,  in 
tbe  Iforfh  Jinei-ica»  ifrHnr  for  .liinnaiy,  1^26,  makes  a  savage  attack  upon  tbe 
book,  and  inCrodnces  letters  from  Jobn  Dunn  (whose  name  Hunter  took,  and  who 
hid  "  treated  him  like  a  brotber  or  Hon"),  Gen.  Wm.  Clark,  and  otbent,  to  tbe  etiert 
ttiat  tbcy  never  knew  any  such  person,  and.  that  it  was  not  possible  for  tbe  nreutH  of 
which  he  speaks  to  have  bappeiied  without  their  knowledge.  Tbisis  toanmc  extent 
negative  evidence,  and  does  not  amount  to  miirb;  Imteven  if  it  were  trne,  and  Hun- 
ter was  a  myth,  and  tlie  work  that  beant  bis  name  was  a  compilation,  it  would  only 
invalidate  ao  uincb  of  the  narrativo  as  refers  to  his  personal  e.ii)eriences  whilst  a 
prisoner.  All  tbe  rest,  inclniling  that  portion  devoted  to  a  ilescription  of  the  "  Man- 
ners  and  Cnstums  of  some  of  the  Wrateni  IndianH, "  would  then  become  simply  a 
question  of  fact,  and  as  sncb  would  liavo  to  ho  docideil,  iia  all  such  natters  are,  by  a 
romparisou  of  antboritii's  in  order  to  see  how  far  the  statomentn  are  corroborated. 
Applying  this  rule  of  evidence,  it  will  be  fouuil  tiiat  the  reviewer,  and  not  the  com- 
piler, will  suffer.  To  go  no  farther  than  tb<;  instances  quoteil  in  the  text,  we  find 
undoubted  evidence  that  tbe  Osagoe  have,  within  the  present  century,  built  both 
stone  heaptt  snd  burial  mounds;  and  tbat  if  tbey  did  not  bury  in  stone  graves,  the 
Delawares,  Kickapoos,  and  Sbawnei-s  did,  and  tbene  tribes  can  he  shown  to  have 
lived  within  the  region  and  inside  of  the  time  covered  by  Hunter's  narrativi!.  If. 
now,  there  were  no  such  individual  as  Hunter,  as  the  reviewer  plainly  intimates, 
then  the  compiler  of  tbe  volume  tbat  bears  iiis  name  must  huve  mannfnctiirod  the 
story  out  of  whob^  cloth,  which  is  not  proliahle,  or  else  he  must  have  obtained  liis 
information  from  some  person  wbo  was  rognizuut  of  tbe  esiNtcuco  at  some  time  of 
this  form  of  bnriul  among  the  Indians.  If,  on  tbe  othi-r  band,  Hunter  was  a  real 
pereonage,  and  the  hook  is  a  genuine  record  of  bis  experiences,  then  tbe  statement 
most  be  accepted  aa  true,  for  the  reason  that  it  is  not  only  untiioedently  very  proba- 
ble in  itself,  but  l)ecause  the  account  lie  has  ({iven  of  the  ciistomB  of  the  trilic.t 
among  whom  he  clams  to  have  been  a  prisoner,  liiva  not,  as  yet,  been  sric  cess  fully, 
impugned. 

t  Caj»(in(j,  p.  30(1. 

H.  Mis.  334,  pt.  1 M 
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earth  brought  a  shurt  (Iistaiic&."*  To  judge  from  thia  description, 
these  graves  do  not  differ  from  the  wvcailed  "stone  graves"  of  Ten- 
nessee, and  it  need  not  surprise  ns  therefore  to  hear  that  although 
these  "  Indians  do  not  pretend  to  any  correct  knowledge  of  the  tumuli 
or  mounds  that  are  occasionally  met  with  in  their  country,"  yet  *'  there 
are  other  elevations  differing  materially  from  the  inoiuids  ■  ■  - 
which  were  formerly,  and  are  at  present,  exclusively  devoted  t«  hury- 
ing  their  dead,"  and  which  "  are  composed  of  stones  and  earth,  placed 
in  such  a  manner  as  to  cxiver  and  separate  one  dead  body  from  nn- 
other,")  precisely  as  was  the  case  in  the  stone  grave  mounds  of  the 
Oamherlaud  Yalley.t 

Nor  is  this  the  only  kind  of  mound  that  tlie  Osages  are  said  to  have 
erected  within  the  historic  jieriod,  nor  are  they  the  only  people  of  tlie 
Dahcotah  stock  who  have  been  accustomed  thus  to  bury  their  dead. 
Featherstonhaugh  tells  us  that  upon  the  unexpected  death  of  one  of 
their  chiefs  called  by  the  French  Jean  Defoe,  which  took  place  whilst 
all  the  men  of  the  tribe  were  bunting  in  a  distant  country,  *'  his  friends 
buried  him  in  the  usual  manner,  with  his  weapons,  his  esrtbern  pot, 
and  the  usual  accompaniments,  and  raised  a  small  monod  over  his 
lemains.  When  the  nation  leturned  from  the  hunt,  this  mound  was 
enlarged  at  intervals,  every  man  assisting  to  carry  materials,  and  thus 
the  accumulation  of  earth  went  on  for  a  long  i>eriod,  until  it  reached  its 
present  height,  when  they  dressed  it  off  at  tbe  top  in  a  conical  fonn. 
The  old  chief  further  said  that  he  ha^l  been  informed  and  believed  that 
all  tlio  mounds  had  a  similar  origin."  §  According  to  Lewis  and  Chirke. 
the  Omahas,  about  the  beginning  of  this  century,  erected  a  mound  12 
feet  in  diameter  and  6  feet  high  over  the  body  of  their  chief^  Bhwb- 
bird,||  and  Catlin  tells  us  that  at  the  Bed  Pipe  Stone  Quarry  can  Ik 

' CapHHtg, p,3S5.  See  this  anil  snoceetlini;  pagen  fof  adeacriptJODof  otlicriDodra 
of  ilispoBlng  of  their  dead  temporarily'  as  well  as  permanently.  Similar  stone  graiM 
have  been  fonud  at  Angnsla,  K7.,  and.  occoriliDt;  to  Squler  (Jkn-.  Hon,  iVmv  T*ri, 
p.  129),  glass  beads  and  iron  rings  were  found  in  some  of  theio. 

M.c.,pp.  307atid308. 

tTot  an  account  of  thes*  giaves  an<l  moiiDds,  see  the  Ktports  of  tit  Petiaii 
Muteam  of  Ameriain  Archaolegy,  etc.,  vol.  11,  pp.  31%  and  361  et  teq.:  Cambrid^ 
1880, 

f  Eimrtion  through  the  Slate  StaUt,  pp.  70-71.  Tbe  old  chief  fiiKb«i  did 
that  "the  tradition  bad  been  steadily  tTanamitted  down  ftom  tbeir  aaocaloK 
tbat  tbe  Wbahsasb  (Osages)  bad  urigiDAlly  emigrated  from  tbe  Kast  in  gtt»i  Dim- 
bers,  tbe  population  being  too  dense  for  their  hnnting  gTOUods;  be  described  tbt 
furka  of  tbe  Alleghany  and  Hunonnahela  rivers,  and  the  falls  of  the  Ohio,  vbem 
tbey  had  dwelt  some  time,  and  whore  largo  bands  had  separated  from  them,  ud 
distributed  tbomselves  in  tbe  surroanding  country."  This  mound  is  probably  tix 
aanio  one  wbicli  Keck  {Gazeltter  of  Mittoari,  p.  308)  describes  as  Iteing  "oaeoT  lb'' 
largest  mounds  in  this  coantry,  thrown  ap  on  tbis  stream  within  thirty  iir  ( 
years,  by  tbe  Onagcs,  near  tbe  great  Osage  village,  in  honor  of  one  of  their  decM 
chiefs." 

II  LuwlH  and  Clarke,  vol.  i,  p.  43 :    Philadelphia,  1814.     Catlin,  vol.  ii,  p.  6,  vlmi 
this  mound  ftliQQt  1833,  tud  brought  ftway  tbe  akuU  of  the  OiovliA  cblef.  Sn  Ut 
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atea  "  a  moand  of  a  conical  form  of  10  feet  height,"  which  had  been 
thrown  up  over  the  body  of  a  distin^^shed  young  Sioux,  who  had 
beeu  accidentally  killed  whilst  on  a  visit  to  that  famous  spot.* 

Grossing  the  Mississippi,  wu  are  told  that  the  Chtppewas,  an  Algon- 
quin tribe,  having  been  successful  in  a  battle  with  the  Sioux,  their 
women  and  children  "  in  ^celebrating  the  achievement,  erected  a  m»niid 
from  the  adjw.ent  surface,  about  5  feet  in  height,  and  in  diameter  8  or 
10  feet,  upon  the  summit  of  which  a  pole  10  or  12  feet  in  length  was 
planted,  and  to  this  pole  tufts  of  grass,  indicating  the  number  of  scalps 
and  other  trophies  achieved,  were  tied ;  around  this  mound  the  warriors, 
with  their  usual  ceremonies,  indulged  in  mirth  and  exaltations  over  the 
scalps  of  their  fallen  foes."t  This,  it  will  be  noted,  is  not  a  burial 
mound,  but  seems  to  have  been  thrown  up  to  commemorate  a  victory, 
and  I  mention  it  particularly,  as  it  may  serve  to  shed  some  light  upon 
the  objecE  or  purpose  for  which  the  so-called  anomalous  mounds  of  Mr. 
Sqnier  were  constructed.  That  some  of  the  Algonquin  tribes  were 
however  in  the  habit  of  erecting  mounds  over  their  dciid  docs  not  ad- 
mit of  a  doubt.  De  Vries  {1042— royajrcs,  p,  163:  New  York,  1853) 
tells  ns  that  the  Indians  about  Fort  Amsterdam  (New  York)  "  form  the 
grave,  7  or  8  feet,  iu  the  shape  of  a  sugar  loaf,  and  place  palisades 
around  it;"  and  in  the  Jesuit  Itehitious  for  the  year  1611,  it  is  said  that 
the  tribes  in  Maine  and  farther  to  the  eastward  "  build  a  sort  of  pyra- 
mid'' over  their  distinguished  dead.  According  to  McKeiuiey,  a  fonner 
superintendent  of  Indian  affairs,  the  two  mounds  on  Lake  Winnebago, 
Wisconsin,  known  as  Le  Grand  and  Le  Petit  Butte  des  Morts,  were 
erected  over  the  bodies  of  a  number  of  Fox  warriors  who  bad  beeu  killed 
in  a  battle  that  took  place  near  that  spot  between  that  tribe  and  the 
Iroquois.^    Van  der  Donck,  too,  as  wo  have  seen,  is  equally  positive  as 

work  for  an  account  of  bow  the  moiind  wan  liiiilt.  In  Sciatce  for  MbtcIi  16,  18K3, 
Hi.  Frank  La  Fl^che,  in  n  lett«r  to  Mr.  PiitDua,  of  the  Peabody  MnaeDm,  Ha;a :  "  I 
made  inqairie«  about  the  rooimd  oiade  bj  the  Omahaa,  In  which  Big  Elk  was  buried, 
and  was  told  that  it  waa  about  as  high  as  the  Bhouldora  of  a  tall  man  standing  up, 
and  that  be  was  buried  with  great  ceremonies.  His  favorite  horse  was  striuigled  to 
death  bJ  bis  grave,  and  most  of  his  honiea  aud  household  goodx  were  given  to  the 
poor."     This  was  about  1825-'30. 

'North  Am«riean  Iitdiatt*,  vol.  n,  p.  170:  LoDdon,  1876.  He  adds  that  the  story 
was  related  to  him  by  the  father  of  the  young  man,  a  Sonix  chief,  who  was  "  visit- 
iog  the  Red  Pipe  Stone  Quarry,  with  thirty  othera  of  hin  tril>e,  when  we  were  there, 
and  cried  over  the  grave  ne  he  related  the  story." 

tS.  Taylor,  inAner.  J  oar.  •/  Sdf«ce,vo\.  xnv,  p.  '2t. 

t  From  aged  Indiana  "  I  learned  that  a  long  time  ago  a  battle  was  fonght,  flrat 
upon  the  spot  npun  which  ia  Le  Petit  Bntte  dca  Horts,  and  the  grounds  adjacent,  and 
coDtinned  upon  that  and  the  Hiirroiinding  country,  upon  which  is  found  Le  Grand 
Butte  des  Uorte,  lietwcen  the  Iroiguoia  and  Fox  Indians,  in  which  the  Iroqnoiii  ncre 
victorions,  killing  an  immeuae  nuinlier  of  the  Fiiiea  at  Le  Petit  Butte  des  HortM; 
when,  being  beat«a.  the  Foxes  retreated,  but  rallied  at  Le  Grand  BDtt«  de»  Mnrtn,  and 
fongbt  until  they  were  nearly  all  alain.  -  -  -  In  thono  two  niounda,  it  ia  aaiil,  rt>- 
pow  the  remains  of  those  slain  at  those  two  battles ;"  McKeaney,  tfem'^tr*,  etc.,p.81: 

L:,y,l,.eu.,  Google 
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to  tbe  erectiou  of  burial  mounds  by  certain  tribes  of  this  family,  and 
the  same  fact  may  be  inferred  from  the  accoant  given  by  Mr.  Jefferson* 
of  the  opening  of  ii  itiouiid  that  formerly  stood  on  the  low  gromids  of 
the  Bivanna  River,  nod  which  evidently  covered  a  iiamber  of  thosecom- 
munal  interments  of  which  we  have  already  spoken.  This  mound  was 
surrounded  by  a  ditch,  was  about  40  feet  in  diameter,  and  had  been 
about  12  feet  high,  before  its  height  was  reduced  by  cultivation.  Trec-s 
were  growing  upon  it  that  mea:snred  12  inches  in  diameter.  It  is  tree 
that  nothing  in  here  said  as  t«  the  time  when,  or  the  people  by  whom, 
this  mound  wiuj  built;  but  the  circumstances  under  which  it  was  re- 
visited by  a  band  of  Indians  iu  Mr.  Jefferson's  time,t  taken  iti  ceDnec- 
tion  with  the  size  of  the  trees,  the  condition  of  the  bones  and  the  fact 
that  the  mound  was  in  close  proximity,  or  "just  opposite  to  some  hills 
on  which  had  stood  an  Indian  town,"  aftbrds  strong  cvideuce  that  some 
of  the  later  interments  found  here  must  have  taken  place  after  the  set- 
tlement of  Jamestown  in  1607. 

In  regard  to  the  practit^e  of  the  Huron-Iroqnois  in  this  respect',  onr 
accounts  differ.  Gen.  Parker,  in  answer  to  the  question  wliether  the 
9ix  Nations,  after  the  arrival  of  the  whites,  ever  erected  mounds  of 
earth  or  stone  over  single  graves,  or  at  their  general  interments,  says 
positively  that  he  had  never  heard  of  the  existence  of  any  such  cnstom 
among  them,  but  that  on  the  contrary  tliey  had  always  asserted  that 
the  bone  mounds  were  built  by  araceof  i»eople  who  had  preceded  them 
in  the  occupancy  of  the  land.  He  also  says  that  the  reasons  assigned 
for  the  erection  of  these  tumuli,  as  well  as  the  methods  by  which  they 
grew  to  their  present  size,  were  always  given  with  great  nnifonnity. 
This  is  very  high  authority,  and  yet  in  the  present  instance  it  cai 
hardly  be  regarded  as  decisive,  for  the  reason  that  it  is  negative  evidence, 
and  must  give  way  to  the  positive  testimony  we  have  of  the  fact.  Thno 
for  instance  Golden,  speaking  of  their  single  interments,  tells  us  that 
the  Iro<iuois  deposit  the  body  in  a  large  round  hole  and  raise  the  eartJi 
in  a  round  hill  over  it,{  and  in  this  he  confirms  the  statements  previ- 
ously quoted  of  Lafltau  and  De  Vries,  the  latter  of  whom  (?.  c,  p.  154), 
describing  the  funeral  ceremonies  of  the  tribes  living  near  the  moulh  of 
the  Hudson,  tells  us  that  "their  manner  of  living  is  for  the  most  part 


New  York,  1846.  Other  ncoonpto  repreflont  this  linttlu  oa  having  been  fonght  be- 
-  t\Ti'eii  the  Foxes  ou  one  Hiiln  aud  the  Freucb  and  M«noiiiinefta  ou  the  other.  It » im- 
miiterial  to  me  wliu  n'cre  the  iiartiea  engaged  agniost  tlio  Foxes. 

•Niiienon  rirginia,  pp.  lUGetirq.:  PhiludelphiB,  1801. 

tThiH  visit  took  place  about  ITiiO,  and  is  thus  deRcribod:  "On  whatever  occwian 
they,"  the  iiioiinits,  "may  have  heuu  made,  they  are  of  couaiderable  notoriety  antong 
the  Indians:  for  a  party  passing,  al>c>ut  thirty  jean  ago  through  the  part  nf  llir 
country  nliem  this  hamin'  is,  went  through  the  wihmIs  diieetlf  to  it,  without  any 
iustntct  ions  or  iiiiiiiiry ;  and  having  staid  abont  it  some  time,  with  expressions nbich 
wiTeoonittmi-ittobe  those  of  sorrow,  tbey  returned  to  the  high-roail,  which  they  hid 
left  about  half  a  ioroa  inileiitopay  this  visit,  and  pnraued  their  jonmey:''/i.,p-131> 

i  Five  Xalioitt,  Introduction,  p.  IC.  C    ()t)yL' 
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like  tliat  of  tlioHC  at  Fort  <)iaup«;  who  liowevei-  arc,  a  bi-avcr  and  a 
more  martial  iiatiiiii  of  Iii(]iiin» — liy  name,  tbu  Maqiia^j — ns  before 
mentioiieil,  lud  who  hold  most  of  the  otiiers  almig  the  river  to  Fort 
Amsterdam  uudcr  tribute." 

Of  the  bone  mouudn,  or  those  which  mark  the  »iteofoiieor  morecom- 
mnnal  interments,  oar  acconnts,  though  somewhat  meaj-ier,  are  noc  less 
explicit.  According  to  La  Foil,  tlie  Onondaga  chief,  ditl'crent  form.s  of 
barial  existed  among  tlie  Iroquois  at  diflcrent  timeK,  and  be  might  also 
have  added  at  the  same  time,  v\'hen  the  conditions  were  different.  Thus, 
in  addition  to  the  mode  of  interment  already  noti<ted,  we  are  told  that 
vfaen  numbers  were  slain  in  battle  they  "  were  gathered  and  laid  in 
tiers  one  above  another,  and  a  high  mound  raised  over  them."*  In  par- 
tial confirmation  of  this,  we  have  the  statement  of  the  Modern  Seneca-t 
that  the  monnd  on  Tonawanda  Island  was  the  burial  place  of  the  Neu- 
ter8,t  a  kindred  tribe,  who  were  destroyed  by  the  Iroquois  about  the 
middle  of  the  seventeeuth  century;  and  there  is  al»o  the  mound  visited 
by  the  Rev,  Mr.  Kirkland  in  1788,  and  though  the  condition  of  "  the 
bones  upon  its  surface,  and  sticking  out  in  many  places  on  its  sides," 
ia  totally  incompatible  with  any  such  antiquity  as  is  claimed  for  it,  yet 
there  can  be  no  reason  why  the  account  given  by  the  ^eneeas  of  the 
circumstances  under  which  it  was  built  may  not  be  literaily  true.  Es- 
BI)ecialIy  is  this  so,  in  view  of  thcfact  that  we  have  undoubted  evidence 
that  at  a  council,  held  in  1743,  betwt^n  the  Onondiigaj^  and  the  Auti- 
co(|ne  Indians,  the  latter  "  gave  broad  belts  of  wampum,  3  arm  belts 
and  0  strings;  one  was  to  wipe  clean  all  the  blood  they  had  spilt  of  the 
Five  N^ationa,  another  to  raise  a  tumulus  over  their  graves,  and  to  pick 
oat  the  sticks,  roots,  or  stones,  and  make  it  smooth  on  the  top."  }  This 
is  believed  to  be  decisive  of  the  matter,  for  construe  the  statement  as 
we  may,  there  can  be  no  iloubt  that  the  Iroquois,  or  the  i>eople  with 
whom  they  fought,  were  in  the  liabit  of  building  mounds  over  their 
dead;  and,  so  far  as  ray  argument  is  concerned,  it  is  perfeirtly  imma- 
terial which  of  them  did  so,  as  the  question  is  not  what  |iartionlar  tribe 
constructed  these  mounds,  but  were  they  built  by  the  red  Indians  of 
historic  times  t 

South  of  the  Ohio,  in  the  States  along  the  Atlantic  coast,  certain 
tribes  are  said  to  have  bad  the  same  custom.  Lawson,  describing  the 
maauer  of  interment  among  the  Santecs,  one  of  the  (Carolina  tribes, 
says:  "A  mole  or  pyramid  of  earth  is  rais'd,  the  mould  thereof  being 
work'd  very  smooth  and  even,  sometimes  higher  or  lower  according  to 
the  dignity  of  the  i>erson  whose  monument  it  is.  On  the  top  thereof  is 
an  umbrella,  made  ridge-ways,  like  the  roof  of  an  house;  this  is  snp- 
port«d  by  nine  stakes,  or  small  posts,  the  grave  being  about  six  or 


•  J.  V.  H.  Clark,  Onondaga,  vol.  I,  p.  Gl. 

(  Marsball,  BUlorical  Skelehe*  vf  the  Xiagara  fronlirr,  p.  8. 

t  Juhn  Bartram,  Obarrrntiont,  etc.,  p.  B2;  LoniluD,  1751.  ,--  i 
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eight  foot  in  length  and  four  foot  in  breadth."*  In  Florida  proper  we 
are  told  that  u[>oii  the  death  of  a  king  be  was  buried  with  great 
Dolemnily,  and  Ibe  shell  from  which  be  usually  drank  was  placed  on 
the  tumulus,  around  which  many  arrows  were  stuck  up.  Le  Hoynet 
gives  a  picture  of  one  of  theee  graves — shell,  arrows,  and  all — but 
either  the  drawing  is  moat  abonunably  foreshortened,  or  else  the 
tnniulns  is  too  insignificant  to  come  within  the  scope  of  our  inquiry. 
However,  both  this  and  the  preceding  interment  belong  to  the  class 
called  single,  and  this  may  perhaps  account  for  the  size  of  the  mounds 
erected  over  them.  In  each  of  the  localities  referred  to  the  eommunal 
form  of  burial  was  also  practiced,  and  in  some  cases,  especially  on  Uie 
peninsula,  mounds  covering  interments  of  this  character  have  been 
found,  which  are  not  only  of  large  size,$  but  which,  fh>m  the  nature  of 
their  contents,  ninst  have  been  thrown  up  after  the  arrival  of  the 
whites.  That  the  tribeu  inhabiting  the  Gulf  States,  including  under 
this  head  the  Cliickasaws,  Cherokees,  Choctaws,  and  the  Muscogees 
aud  their  allies,  were  at  one  time  in  the  habit  of  erecting  mounds  over 
their  dead  does  not  admit  of  a  doubt,  though  it  is  probable  that  the 
custom,  like  many  others  connected  with  their  funeral  rites,  died  out 
at  an  early  day. 

Adair  tells  us  that  "  many  of  these  heaps  are  to  be  seen  in  all  part« 
of  North  America;  where  stones  could  not  be  had,  they  raised  laige 
hillocks  or  mounds  of  earth,  wherein  they  carefully  deposited  the  bones 
of  their  dead,  which  were  placed  either  in  earthen  vessels  or  in  a  simple 
kindof  arkchest8."§  According  to  De  Bralmi,  "A  large  conical  mound 
near  Savannah  was  pointed  out  to  Qeu.  Oglethorpe  as  being  the  tomb 
of  the  Yamacraw  chief,  who  bad,  mauy  years  before,  entertained  a 
great  white  man  with  a  red  beanl ; "  ||  aud  the  evidence  of  the  younger 
(William)  Bartram,  to  which  We  have  so  often  had  occasion  to  refer, 
is  even  more  definite.  Describing  the  burial  customsof  theChoctaws, 
that  writer  says :  "As  soon  as  a  person  is  dead  they  erect  a  scaETold  IS 
or  2«  feet  high  in  a  grove  adjacent  to  the  town,  where  they  lay  the 
corpse,  lightly  covered  with  a  mantle;  here  it  is  suffered  to  remain, 
visited  and  protected  by  the  frieiuls  and  relatives,  until  the  fiesh 
becomes  putrid,  so  as  easily  to  part  fVom  the  bones,  then  undertakers, 
who  make  it  their  business,  carefully  strip  the  flesh  from  the  bones, 
wash  and  cleanse  them,  and  when  dry  and  purified  by  the  air,  having 
provided  a  curiously-wrought  chest  or  coffin,  fabricated  of  bones  and 
splints,  they  pla4^e  all  the  bones  therein,  which  is  deposited  in  the  bone- 
honse,  a  building  erected  for  that  puriMtse  in  every  town.    And  when 

■  Biliary  of  Carolina,  p.  21. 
tDe  Itrjr,  plate  xl. 

XSatratiTtof  Oteeola,  quotoil  by  Dr.  BrJDtoti  in  tb«  Ameriain  Jnti^uaTiatfatOC' 
tober,  1881. 

S  Hitl.  of  Amer.  Indians,  nole  to  p.  185.  ,  -.  ■ 

BQuoted  in  Jnfiquiltu  o/  the  Soiithtm  J«rfian»,  p.  131.      .->  .y  LiOO^ IC 
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thJH  house  is  full  i\  geueral  solemn  funtral  takes  pl]i«o.  When  tlie 
nearest  kindred  or  friends  of  the  deceased,  on  a  day  aj>]>oiiited,  reiwiir 
to  the  boue- house  and  take  up  the  re«i>e(:tive  e/>flSiis,  aud  followiiij;  one 
another  in  order  of  settioiity,  the  nearest  relations  attending  their  i-e- 
s)>ectiTe  corpse,  and  the  multitude  futhtwing  after  theiu,  all  as  one 
famUy,  with  alternate  voice  of  Allehijah  and  lamentation  slowly  pro- 
eeeding  on  to  the  place  of  general  interment,  where  they  pliwe  the 
coffins  in  order,  forming  a  pyramid;  and  lastly,  cover  all  over  with 
earth,  which  raises  a  conical  bill  or  mount,"* 

The  thinl  and  last  class  of  nionnds  that  we  shall  consider  are  the 
truncated,  or,  as  they  are  sometimes  called,  temple  mounds,  with  graded 
ways  to  their  tops.  They  are  comparatively  nnmerons  south  of  the 
Ohio,  and  are  also  found,  though  less  frequently,  as  far  north  as  the 
middle  of  the  tier  of  States  that  lie  along  the  northern  bank  of  that 
river;  but  beyond  this  point  they  are  believed  to  be  unknown.  Uf 
their  origin  and  use  in  the  Southern  States,  and  especially  along  the 
line  of  De  Boto's  march,  there  is  abuntlant  proof.  The  chroniclers  of 
that  enterprise  are  in  full  accord  upon  these  )>oints;  and  though  it  is 
not  possible  to  make  out  the  itinerary  of  that  espedition,  yet  there  is 
but  little  hazar4l  in  asserting  that  he  was  on  both  sides  of  the  Missis- 
sippi, and  visited  uot  only  the  Muscogees  and  Choctawa  of  the  Gulf 
States,  but  also  the  Cherokees  ("Achalaque")  and  Chickasaws  of  Ten- 
nessee, and  the  Quapaws  (('apahas- Kappas)  of  nortbenstern  Arkansas. 
Among  all  these  tribes  there  was  a  general  uniformity  in  the  methods 
of  building  the  cabins  of  their  chiefs,  and  in  laying  out  and  fortifying 
their  villages.  La  Vegaf  tells  us  that  the  town  aud  bouse  of  the 
Cacique  Ossacfaile  were  like  those  of  all  the  other  Caciques  in  Florida, 
and  assigns  this  as  the  reason  why,  instead  of  describing  this  particular 
town  and  house,  it  was  better  to  give  one  general  account  that  would 
answer  for  all.  He  then  goes  on  to  say  that  the  Indians  always  en- 
deavor to  place  their  \'illages  on  clevat^  sites;  but  as  such  situations, 
with  the  conveniences  for  building,  are  not  always  to  be  found  in  Florida, 
"  tbey  themselves  throw  up  elevations  in  this  manner.  They  choose  a 
spot  to  which  theybringaquantityof  earth,  and  this  they  pile  up  in  the 
shape  of  a  platform,  two  or  three  pike's  length  in  height,  and  large 
enough  on  top  to  hold  ten  or  twelve,  fifteen  or  twenty  houses,  in  which 
are  lodged  the  Cacique  and  his  attendants.  At  the  foot  of  this  mound 
they  lay  out  a  square,  proportioned  to  the  size  of  the  intended  town, 

'  Tt-areli  Ihrimgh  Florida,  p.  filG.  On  p.  139  tiu  npeaka  of  "sepiilchrea  or  tnmiiU 
of  the  Y«maa«ea,  who  nero  here  slain  by  thfi  CreeUi.  in  the  lost  ileciHive  battle,  tbe 
Creeks  having  driven  tliem  to  tbis  point,  lietn'ccn  tho  doiiliUug  of  tbe  river,  wbere 
few  of  them  eacnpeil  the  fury  of  tbe  conquerors.  Tbese  p^ves  oocupicd  tlie  whole 
grore,  conaUtinK  of  2  or  3  acree  of  f^oiiud ;  there  were  nearly  thiny  of  tbeito  ceme- 
tenea  of  the  deoil,  nearly  of  an  oqual  xize  and  form ;  tbey  were  oblong,  20  feet  i. 
len^b,  10  or  12  feet  In  wiiltb,  aud  3  or  4  (eet  bigb,  now  ovfifpvwn  with  oranse 
trees,  live  oaks,"  etc. 

t Bi»ioire  it  ta  Florida,  premiere  parti <■,  livre  2ilf,  cbap.  xxvM:  Paris,  1709. 
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and  iiroHud  this  tlie  principal  iiieu  of  the  villafro  build  their  cabins.  The 
coiiinioii  people  are  linnscd  iu  the  same  uiaimer,  and  thus  tliey  snrronud 
the  dwelling  of  their  chief."  To  a.sccnd  this  elevation  they  have  a 
^nideil  way  fram  U>]i  to  bottum,  in  which  the  slope  is  so  gnidual  that  a 
horseman  can  ride  up  without  any  difUenlty.  Excepting  at  this  one 
place,  all  the  other  sides  are  made  so  ttteep  as  to  Ite  ^Uffictilt  of  aseeut. 
BIsewhere,  in  the  town  of  Gnuehnule,  on  the  head  waters  of  tlie  Coosa 
River,"  and  near  the  country  of  the  "  Achalaqu^,"  the  dwelling  of  the 
chief  is  said  to  stand  on  a  "mound,  with  a  terrace  uruund  it  wide 
enough  for  six  men  to  walk  abrt>a.st.*'f  West  of  the  Mississippi,  among 
the  Oaiiahas  and  tiieh-  neighbors,  it  wiis  the  cnwtom  of  the  Caciques 
t«>  raise  "near  their  dwellings  very  high  hills,  on  which  they  some- 
times build  their  huts;"}  ivud  the  tteiitlcman  of  Elvas  tells  us  that  hi 
the  town  of  I'cit^i,  near  which  l>e  Suto  landed,  and  which  is  supposed 
to  have  been  situated  on  the  we.>it  coast  of  Florida,  '*  the  lord's  house 
st4>od  up«iu  a  very  high  niount,  made  by  hand  for  strength.^^  A  fev 
years  later,  in  I^uclonnitTC's  account  of  the  ill-fated  attempt  of  the 
Huguenots  to  plant  a  colony  on  the  northeastern  coast  of  this  same 
Floridiaii  peninsula,  wc  have  r«i>eated  allusions  to  "alleys,''||  which 
ai-e  none  other  than  the  "  gr,ind  avenues ''  or  Indian  highways,  men- 
tioned by  Biu'tram  as  leading  in  a  straight  line  from  "  a  pompous  Indian 
mount,  or  conical  pjn-aniid  of  earth,  that  stood  on  the  site  of  an  ancient 
town,  thi-ough  a  niaguiK(^i>nt  gn>ve  of  magnolias,  live  oaks,  luilms,  and 
(H-augt-  trees,  to  the  verge  of  a  large  green  level  savanna."*] 

Pa-ising  over  au  inter\'al  of  one  hundred  and  fifty  years,  we  find  that, 
among  many  of  these  same  tribes,  the  custom  still  existed  of  ejecliDg 
mounds  as  sites  for  their  habitations.  The  cabins  of  the  Yazous, 
Cikurois.  Ossagimlas.  and  Dnspie  tiibea,  living  on  tlie  lower  Mississippi, 
are  said  to  have  l)een  "  disfteiiied  over  the  country  uiM>n  mounds  irf 
earth  made  with  Iheir  own  hands,  from  which  it  is  inferred  that  these 
nations  are  very  ancient,  and  were  formerly  verj'  nuiiieroos,  although 
at  the  present  tiiae  they  hantly  numlMT  'SHi  [lersons,"**  According  to 
Hii  l*nttz.  the  temple  of  the  Natchez  was  aliout  30  feet  square,  and 
wjis  sitiiatetl  by  the  side  of  a  small  river,  on  an  artilieial  mound,  which 
was  aboul  $  ftH>t  high,  and  sIo|>etl  insensibly  fh>m  the  main  front  un 
the  north,  but  was  s^naewhai  siee|X'r  on  the  other  sides,"  The  same 
author  also  tells  ns  that  the  milnu  of  their  chief,  or  Great  Sun.  as  lie 
was  calle<l.  was  plaeetl  n)M>n  a  tuiuind  of  a1>out  the  same  height,  though 
it  \\  as  siiin<-wha(  larg«.'r,  •■  In-ing  til*  feet  over  on  the  surface."  **    When  - 

Tit!..'!.  Ili'—y  >-■   l.'d.V.w,!.  vol.  1,  1^!^:  ItuTlr^too.  1H51, 
-J  >.r.:.Vi«j.    /  /.-.■r*.,  I.  .„  p.  1:3, 

i  'ijiUivt,  V  ■:.  III.  cii,  t  T  asa  *i3. 

•  r'>i-i-'«  -'•  ■■a.k  t'',H\Ji,  -i^  I  Sawl  nl'l. 

•■l*  Hjii-,  :v;  (ii.l,  t. .  ,  :»i :.;.;«,  j«ii  in.  p.  !!•!._, 
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a  chief  died,  tlieae  people  deiuolislied  tbe  cabin  in  vbicit  be  bud  lived, 
aud  raised  a  uew  luouiid,  uj>oii  wbicb  they  placed  the  dwelling  of  liia 
successor,  as  it  wive  not  cnHtoinary  for  a  chief  to  lodge  in  a  honse  that 
had  been  previously  occupied.* 

Whether  the  Natchez  erecte<l  the  immense  works  found  on  tbe  Wash- 
ita River,  near  the  outlet  of  Lake  Catahoula,  in  a  point  about  which 
opinions  may  well  difter.  That  they  took  refuge  in  the  immediate 
neighborhood  of  these  works,  if  not  on  their  very  site,  after  tbe  de- 
struction of  their  village  on  the  MiHsiscippi,  and  "bnilta  fort,"  accord- 
ing to  Du  Pratz,  or  "  fortifletl  themselves,"  as  Charlevoix  states,  is  be- 
yond question;  but  Judge  Fur<;e,t  who  has  examined  into  the  matter 
very  thoroughly,  is  of  the  opinion  that  they  were  not  permitted  to  bold 
this  position  long  enough  t<)  have  constrnctetl  works  of  the  size  of  those 
found  hera  In  this  he  is  believed  to  be  correct,  though  of  course  it 
would  all  depend  upon  the  number  of  those  who  had  sought  refuge  on 
this  siwt,  and  the  e;iruestnCKS  with  which  they  worked.  As  some  in- 
dication of  the  time  netessary  to  the  erection  of  works  of  this  charac- 
ter, the  following  fact,  for  which  I  am  indebted  to  Lieut.  Commander 
A.  B.  McNair,  V.  S.  Navy,  will  bo  of  interest.  According  to  that  gen- 
tleman, upon  one  occasion  in  lii63,  when  coaling  at  tbe  island  of  St. 
Tliomas,  150  negi'o  laborers  easily  brought  on  board  of  tbe  I'owhatan, 
in  twelve  hours,  100  tons  of  coal,  using  only  baskets  for  that  purpose. 
Allowing  40  cubic  feettothe  ton,  this  would  give  a  cube  of  coal,  measur. 
iiig  20  X  20  X  10  feet,  moved  m  one  day  by  150  men;  and  with  this  as 
tlie  basis  for  a  calculation,  it  will  be  seen  that  the  length  of  time  abso- 
bitely  neiressary  to  the  constnictioii  of  these  works  is  not  so  great  as 
might  be  supposed.^    However,  this  is  a  point  upon  which  it  is  need- 


*  Father  Le  Petit,  quoted  in  Hitl,  CaU,  Lovitiana,  purt  in.  n<it«  to  p.  1*2. 
t  Some  conrideratioag  on  Iht  Movnd-biiUdtrt,  p.  77.  and  note  B ;  Pamphlet,  1X73. 
StoddHTil,  Slietche>  o/ LoHitiatia,  p.  350,  spoaking  of  the  size  <if  thiiau  works,  ttafa: 
"  Not  KfM  than  five  remarkable  mounts  are  Bitiiateil  near  tlmjuuctiou  of  tbe  Wasbito, 
Acatahoiila,  and  Tetma,  in  an  alluvial  soil.  Tbey  are  all  inclosed  iu  an  enbanknioDt 
or  wall  of  earth,  at  this  time  10  feet  high,  whiub  (.'Oiitaina  almnt  200  actett  of  laud. 
Four  of  thetM  mounts  are  nearly  of  ei|nal  dimenaions,  about  20  feet  high,  100  broad, 
nnd  300  loug.  The  fifth  seems  to  bavobeeu  desigued  for  a  townr  or  tiirri't;  the  base 
of  it  cavera  au  acre  of  ground;  it  rises  by  two  stages  or  nti'ps;  it«  ciii'um  fere  nee 
groilually  dimiDisbeaos  it  aactnds;  its  auramit  iaotowiie<l  liy  a  flattened  cone.  By 
admeaanrement,  the  height  of  thin  tower  ia  found  to  bo  XO  feet. 

tStrouK'y  conGrniatory  of  thia  view  U  the  following  extnitt  from  Isauc  McCoy's 
Hislorg  of  the  liapliit  Indian  J/iaiiJoaf,  etc.,  p.  37:  "Alittli'  reflection  will  show- 
that  the  anioant  of  labour  required  in  their  erortion  did  not  anrpasa  tbe  common  in- 
dustry of  the  aavagea.  Suppose  a  mound  to  lie  40  feet  in  iliameter  at  ita  boHe,  and 
tn  rise  by  11  tops,  1  f<iot  in  height  and  a  foot  and  a  half  in  depth,  to  the  height  of  13  feet, 
with  a  level  surface  on  the  summit*  feet  in  diamuter.  It  would  contain  about  6,233 
cubic  feet  of  earth,  or  a  fraction  less  than  231  cubic  yards.  To  dcpnaitu  on  tlie  mound 
1  cubic  yard  of  earth  would  bo  a  moderate  day's  labour  for  1  man.  Tberefore,  the 
erection  of  the  mound  under  consideration  would  employ  231  persous  one  dag  only. 
Among  the  Indiana,  the  women  would  perform  as  much  of  this  kind  of  work  as  the 
men,  or  perhaps  more,  and  more  than  twice  thia  number  of  persons  able  to  laliour 
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less  to  insist,  as  tbe  e\ideiice  in  qiiit«  sufficient  to  show  thnt  the  Xatebu 
did  build  both  iiioiiiidK  and  earthworks.  Dii  Pmtz  states  the  fact  posi- 
tively,* and  although  it  can  not  be  proved  that  tliey  threw  Dp  the  em- 
bankment and  other  works  on  tbe  WachitA,  yet  there  is  nnqneation- 
able  authority  for  the  statement  that  a  short  time  after  the  destmctioo 
of  their  stronghold  here  by  the  French  ander  Perier,  a  band  of  them, 
which  had  managed  to  escape  the  general  rain,  made  an  attack  npon 
the  post  of  Natchitoches,  daring  the  course  of  which  they  were  driren 
back, and  obliged  to  "dig  a  kind  of  entrenchment  on  the  plaiu.''f 

Among  the  Creeks  and  their  allies,  even  as  late  as  1773-V5,  we  are 
told  that  almost  every  town  had  a  "chunk  yard,"  sarrounded  by  one  or 
two  low  embankments  or  terraces,  in  the  center  of  which,  on  a  low  cir- 
cular mound  or  eiuinen(;e,  ntood  a  foursquare  pole  or  pillar,  30  or  40 
feet  high,  to  the  top  of  which  was  fastened  some  object  that  served  aa 
a  mark  to  shoot  at,  with  arrows  or  the  rifle,  at  certain  appointed  tJmes. 
At  one  end  of  this  yard,  which  was  usually  from  600  to  900  feet  in 
length  and  of  proiK>rtionate  breadth,  was  a  square  terrace  or  emiDence 
9  or  10  feet  high,  "upon  which  stood  the  pnblic  square,"  and  at  the 
other  extremity  was  a  circular  mound  of  about  the  same  height,  which 
served  as  a  site  for  their  rotunda  or  winter  council  house.}  The  Chero- 
kees  too,  as  we  have  seen,  utilized  this  class  of  mounds  in  much  the  same 
manner,  the  council  house  in  their  town  of  Cowe,  according  to  the  same 
author,  occupying  the  summit  of  one  that  was  said  to  have  been  20  feet 
high.  If  now  we  compare  tbe  method  of  laying  out  these  towns,  aiid 
building  the  temples  and  council  houses  of  these  later  Indians  with  thitt 
described  by  La  Vega,  as  having  been  followed  by  their  ancestors  ac«n- 
tury  and  a  half  eariier,  it  will  be  seen  that  the  resemblance  is  very  great; 
and  although  we  are  sometimes  assured  that  the  modern  Creeks  and 
Cherokees  could  give  uoaccountoftheorigin  or  purpose  ofthese  earthen 
structures,  yet  there  can  be  do  doubt  that  in  Bartram's  time  these 

are  fVeqiieiitly  at  one  village  or  one  encaiupment.  -  .  -  Within  tbe  Indiu 
Territory  we  have  94,000  iiibabitanta;  one-flftii  of  these,  or  more,  are  competeot  to 
labour.  Thia  gixea  IS,SOO  labourers;  ifeiich  of  these  woalU,in  theconrae  of  twclre 
months,  bentow  ouly  us  mnoh  labour  on  the  eroi^tiiin  of  mouudB  ui  would  amoiuit 
to  one  Jay,  81  moiinds  ivould  be  liuilt  in  one  year."    Wushington  and  New  York,  IMO. 

*I)eaid«H  tbestatemeDtAquoti-d  in  tbe  text,  he  says:  "LejiieddespienxefltappD;^ 
en  dedans  par  nne  banquette  de  trois  |)icdB  de  laarge,  and  antant  de  bant,  laqaell'i 
est  olle-mEma  apptiy^e  de  piquebi  frett^n  de  brancagea  verds,  ]>out  ratenir  Is  tens 
qui  est  daus  ci'tte  banquette: "  Sittoire  d»  la  Louiiiaue,  vol.  II,  p.  435:  Paris,  IT^iS. 

tDuiuont,  Mfmoire*  BitUaiqae*  de  la  ixiiiinaac,  tome  ii,  p.  200,  says  "CrentitTevi 
dans  la  plaino  nne  esp^re  d>i  retranchemeut  oil  ils  se  fortifierent.''  CharleT«ii 
{JfOMrtlU  France,  vol.  IV,  p.  293)  uses  the  word  "  retranchf s." 

IBartram,  MSS.  published  in  Ann.  Hon.  Jfu«.  Valley,  p.  121.     Adair,  I.  e.,f-Ol, 

tells  ns  that  "  every  town  has  a  large  edifice,  which,  with  propriety,  may  be  called 

tbe  moimtain  honse.    ...    It  is  nsnally  built  on  the  top  of  a  bill ;  and  in  that 

HParate  and  imperial  statehouoe  the  old  beloved  men  aud  head  warriors  meet  od 

'  biiainess,  or  to  divert  themselves,  and  feast  aud  dance  with  the  rest  of  tb* 
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tribes  liTttd  mncfa  aa  tlieir  others  had  done  before  ttiem;  and  if  they 
did  not  build  the  mounds  aud  chunk  yardH  fouud  in  their  midst  they, 
at  least,  nned  them  for  the  same  purposes  fur  which  they  vere  origin- 
ally erected." 

Incloiureg. — Of  the  manner  iu  wliicb  the  nations  east  of  the  Missis- 
sippi fortified  their  villages  our  accounts  are  full  and  explicit.  Pali- 
sades, as  has  been  sho\rn,  were  employed  everywhere;  but  as  this  term, 
alone,  I'ails  to  give  an  adequate  idea  of  the  methods  by  which  the 
Indians  were  accustomed  to  defend  their  more  exposed  villages,  it 
may  be  well  to  go  Into  the  matter  somewhat  in  detail.  To  this  end  it 
will  be  necessary  again  to  resort  to  the  early  chroniclers ;  and  although 
this  may  prove  tedious,yet  itis  unavoidable,  as  it  is  only  by  astodyof 
the  manner  of  fortification  practiced  by  the  recent  Indians  that  a  clue 
can  be  found  to  the  mystery  that  surrounds  the  Ohio  system  of  earth- 
works, to  which  u'e  uow  must  refer.  Of  the  origin  of  these  we  are 
without  any  written  record  whatever  nnless  the  traditions  of  the  Dela- 
wares,  Iroquois,  and  Xatehez,  as  related  by  Heckewelder,  Ra&nesque, 
Cusick,  and  Du  Pratz,t  should  be  accepted  as  such.  This  is  of  course 
rather  a  serious  obstacle  to  be  met  with  at  the  outset  of  an  investiga- 
tionj  but  fortunately,  in  the  present  instance  we  have  not  far  to  go 
in  order  to  discover  a  reason  for  the  seeming  omission.  It  may  be 
fonnd  in  the  fact  that  after  the  de-ttmction  of  the  Eries,  say  about  the 
middle  of  the  seventeenth  century,  the  whole  of  that  region  uow  known 
as  the  States  of  Ohio  and  Indiana  was  virtually  deserted,  and  so  re- 
mained for  upwards  of  filty  years,  Iroquois  war  parties  swept  undis- 
turbed Irom  the  Xiagara  River  to  the  Illinois,  and  whilst  there  may 
have  been  villages  of  the  Twightwees  (Miamis)  and  their  allies  scat- 
tered abont  here  and  there,  yet  practically  that  whole  section  of 
country  was  a  solitude,  unvisited  by  the  trader,  the  soldier,  and  the 
no  less  venturesome  missionary,  the  only  persons  who  could,  in  those 
early  days,  have  given  us  an  account  of  what  they  saw  and  heard. 

Of  the  tribes  that  may  possibly  oace  have  lived  here,  the  Shawnees| 

*  Bartnun,  TrareU,  etc.,  p.  520. 

t  For  the  troditiuiii  of  tlie  Delftwares  oonault  vbap.  v  of  The  American  Nation;  b^ 
Prof.  C.  S.  Kafineaque:  Philadelphia,  1836.  Du  Pralz,  vol.  n,  p.  146  (London,  1763), 
speakin);  of  the  Natcbei,  aaya:  "Ti>  give  on  idea  of  their  power  I  shall  only  mention 
that  formerly  they  extended  from  tho  river  Manchac  or  IberviHe.  which  ia  about  50 
le^fueH  from  the  sea,  to  tlin  river  Walxwh,  which  Ih  dUtant  from  the  Rea  about  460 
leagues ;  and  that  they  had  about  600  tun*  or  priucGH.  From  tbcae  facts  we  may 
judge  how  populous  this  nation  formerly  has  been;  hut  the  pride  of  titmr  grtai  tan* 
or  sovereigns,  and  likewise  of  their  inferior  tuna,  joined  to  the  prejudices  of  the 
people,  has  mode  greater  havoc  among  them  and  contributed  more  to  their  destruc- 
tion tboD  long  and  bloody  wars  wonld  have  done."  In  the  above  extract  he  refers 
to  the  practice  of  human  sacrifices  upon  the  occasion  of  the  death  of  any  of  the  mm 
or  chiefs. 

l"The  conntries  and  rivers  of  Ohio  and  Wal>a8cheandciTcninjaceut  territory  wero 
inhabited  by  our  ludiaoH,  the  CbaouanouH,  Miamia,  and  Illinois:"  Memoir  itent  by 
the  King  to  Mr.  Denouville,  Gov.  Uen.  of  Mew  I'ranoe,  iu  Sitt.  Colt,  o/  LonUUmi 
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wer«  uww  ii  bi-okwii  aud  a  scHttered  people,  aud  the  Hiamiu  bad  b»«u 
forced  back  until  we  find  them  seekiug  shelter  under  the  guns  of  the 
French  tort  on  the  lUiiiois.'  8uch  then  being  the  w)uditioii  of  affairs 
throughout  tliis  portion  of  the  Ohio  Valley  during  the  latter  part  of  the 
seventeenth  and  the  beginning  of  the  eighteenth  centuries,  there  was 
nothing  to  lenijit  the  trader,  or  attract  the  missionary;  and  hence  the 
absence  of  all  mentiun  of  thi»  region,  save  in  the  occasional  notices  of 
an  Iroquois  foray,  or  of  the  si>asmodic  attempts  of  their  enemies  at 
retaliation.  Lab^r  on,  about  the  middle  of  the  last  century,  the  above- 
mentioned  tribes  are  found  once  more  estivblished  within  this  region, 
having  apparently  I'ctraced  their  steps.  The  Miamis  are  in  western 
Ohio  and  northern  Indiana,  and  the  Shawnees  of  the  Delaware,  having 
been  driven  across  the  mountains,  re-unite  with  their  kindred  from 
Georgia,  aud  arc  settled  in  the  valley  of  the  Scioto,  where  Hiugularly 
enough  their  villages  are  in  the  immediate  neighborhood,  if  they  do 
not  occupy  the  very  sites,  of  the  famous  mound  centers  of  ChilUcotbe 
and  Portsmouth.t  Indeed,  we  are  told  that  about  a.  d.  1750,  at  this 
latter  point,  their  village  was  sitnatt^^on  both  sides  of  the  Ohio  River,! 
just  as  is  the  case  with  tlie  mounds  and  emhauknieuts  found  then 
today. 

Of  course  it  is  not  pretended  that  all  the  works  in  these  valleys  were 
erected  subsequent  to  this  date,  and  it  is  quite  probable  that  not  one  of 
those  of  large  size  was,  but  that  some  of  them  were  built  after  the  arrival 
of  the  whites,  a  hundred  and  fifty  or  two  hundred  years  earlier,  ia 
proved  by  the  t^imtents  of  mounds  opened  at  Clrcleville  and  Marietta; 
and  that  these  same  Indians,  or  their  immediate  descendants,  have 
within  comi)aratively  recent  times  "eucompassed  their  villages  with 
ditches  and  walls,"  as  well  as  palisades,  is  evident  from  the  account 

HOW  Berirs,  1K76,  p.  137.  "  Formerly,  divere  nations  Jwelt  ou  this  river"— Hohio— 
"an  the  CtinwaiineH  (ShairaneeB),  a  mighty  and  vtry  pop nloiiB people,  who  bad  above 
fifty  tonus,  -  -  -  who  wrre  totully  destroyed  or  driven  ont  of  their  conntr;  by 
tbe  Iro<'ots,  this  river  being  their  luiual  road  when  thuy  make  war  npou  the  nationi 
who  lie  to  the  South  or  to  tlie  Wist:"  Coxe'e  Carolina,  iu  Hiit.  Coll.  LouititM, 
part  II,  p.  229.  For  an  ai-i-ount  of  all  that  is  kuowa  hiatorlcally  of  the  wanderiiiga 
..f  .i,„  si,.w„™.3.  B,.,.  Jiij^i-  M.  F.  Force,  SoPie  Barly  Sotica  of  ikt  Indiant  of  OHw; 
innuti,  1879. 

«f.  i'ntt.  LoHiHiana,  part  i,  p.  66.  "The  IroqnoiB,  after  expelling  tbe 
temiiuatiug  tbe  Erie».  who  inhnbited  the  country  bordering  on  Um 
hivli  now  bear  their  names,  events  which  happened  about  the  yeu* 
>k  possession  of  their  vast  territory,  and  retaiued  it  for  more  thao  s 
Their  hunting  country,  which  the;  once  occupied,  is  now  emhrawd 
Dhio,  nud  while  iu  their  posHession  was  called  Carrahagne:"  Appw- 
Cffioil,  p.  GO.  At  the  treaty  of  Fort  Stanwix.  in  1768,  they  sold  lU 
country  now  known  as  the  IState  of  Keutucky,  claiming  it  by  righl  of 
Sutler's  Kentucky,  p.  378:  Louisville,  1834. 

,  Indian  IHbea,  vol.  vi,  p.  277.  C'rogban,  Journal,  in  Appendii  te 
rAVHlHclj,  p.  462:  Cincinnati,  183B. 


Gist's  Joanial,  in  Appendix  to  Ponnall's  Topo 
1776.     See  alsu  Ctoghan'H  Joarmal. 
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Schoolcraft  has  lefb  us  of  his  visit  to  Prophetstowii,  oil  tbe  Tippe- 
canoe, and  to  the  sites  of  other  Indian  villager  in  ludiaoa  and  Illinois.* 
These  facts  are  UDdonbtedly  of  importance  in  indicatinfr  the  phase  of 
dvilization  that  had  been  reached  by  the  builders  of  some — perhaps 
the  smaller  and  more  recent— of  these  works;  but  tliey  do  not  enable 
us  to  connect  even  inferentially  thoHb  of  tbe  larger  size  with  any  par- 
ticular tribe,  owing  to  the  fact  that  there  was  sucb  a  long  interval  of 
time,  when  Ohio,  so  far  as  we  know,  was  virtually  uninhabited.  If  it 
were  possible  to  show  that  previous  to  the  settlement  of  tbe  Iroquois  in 
western  New  York  a  Shawnee  confederacy  bad  o<-t;ui)ied  the  Ohio 
Valley,  as  Knfinesquet  so  confidently  asst-rte,  onr  task  would  be  much 
Bimplifled.  It  would  then  be  a])parent  that  in  returning  hero  those 
people  were  but  reoccupying  theirold  homes  and  hunting  grounds;  and 
as  they  can  be  shown  to  have  defended  themselves  within  compara- 
tively recent  times  behind  ditcliea  and  breast- works,  J  and  as  tbey  must 
(torn  the  necessities  of  tbe  case  have  erected  all  tbe  monnds  that  were 
built  within  that  region  subsequent  to  the  landing  of  tbe  whites,  there 
would  certainly  be  nothing  forced  or  illogical  in  the  inference  that  they 
had  constrncted  the  older  and  larger  series  of  works  during  the  palmy 
days  of  their  confederacy,  some  hundreds  of  years  before  the  time  of 
which  we  are  now  speaking.  Unfortunately  however  Raflnesque  fails  to 
make  good  bis  statement;  and  though  the  evidence,  drawn  from  other 
sources,  bearing  upon  this  point  is  sufficient  to  furnish  the  basis  for  a 
very  plausible  theory,  yet  it  does  not  afford  a  satisfactory  foundation 
for  an  inductive  argument,  and  hence  it  is  altogether  omitted. 

For  these  reasons,  then,  we  are  without  any  historical  evidence  as  to 
tbe  origin  of  the  works  in  the  northern  part  of  the  Ohio  Valley,  and 
as  there  is  no  probability  that  any  will  ever  be  discovered,  we  are 
obliged  to  fall  back  upon  the  comyKtrative  method  in  onler  to  see 
whether  there  are  any  sucb  differences  between  the  bill  forts  and  forti- 
fied villages  of  southern  Ohio  and  those  found  in  western  New  York 
and  in  some  of  the  Southern  States  as  would  authorize  the  inference 
that  they  were  the  work  of  a  people  in  a  different  stage  of  civilization. 

Beginning  with  the  "forts,"  as  Governor  DeWittOlintonJ  calls  them, 
of  western  New  York,  we  are  told  that  tbey  were  generally  si)eaking 
erected  upon  the  most  commanding  ground,  and  were  surrounded, 

•  Scboolcnift,  TrareU  in  i'enlmi  Portion  of  Ike  Sfi»»iMippi  Valleg,  pp.  12!>,  323. 

I E^DDes'iae,  Jnrient  .ItinaU  of  Kenlwky,  p,  2):  Frankfort,  l«al. 

tGlst,  in  p.  12  or  the  Apjienitix  to  Pownnll'H  Topographiral  Drtfrlptioa  of  I'arU 
of  Sorlh  Amerifa,  London,  1776,  spcakn  of  a  "fort"  of  the  Twightwues;  and  ("ro- 
glutn,  is  1765,  fonnd  a  "  bremtwork"  ueur  tbe  innntli  of  the  Wiibiish,  which,  in  ouu 
■cronnt,  is  "  nnpposcil,"  t<i  huve  liern  erected  by  the  loiIianH;  bnt  in  niioioer  thn 
fnct  in  Htatcd  poaitively. 

4  This  ftcconot  iH  mode  np  from  (.'lintoD'n  Uineonrne  in  CuUecllonf  of  the  .V.  }'. 
Hill.  5o«.,vo).  ii.p.  90;  Sqni^r,  Aboriginal  :^oBume«l>  of  Xeir  York;  Monltnn,  Ilintorg 
of  Ntm  York,  vol.  i,  part  i;  Clark's  Onon<)aga,  etc.,  etc, 
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either  wholly  or  in  part,  by  ditches  and  earthen  walls.  The  palisades 
<]hat  once  stood  OD  some  of  these  embankments*  had  long  since  rotted 
away,  and  in  their  places  were  growing  oak  trees  which,  ftota  Urn 
namber  of  concentric  circles,  mnst  have  been  three  hundred  years  old; 
and  there  were  evident  indications,  not  only  that  they  had  sprung  up 
since  the  erection  of  these  work»,  but  that  they  were  at  least  a  second 
growth.  The  trenches  were,  in  some  cases,  deep  and  wide,  and  in 
others  shallow  and  narrow ;  and  the  breastworks  varied  in  height  from 
3  to  10  feet.  In  one  case  near  Elmira  they  are  said  to  have  been  14 
feet  wide  at  the  base,  t  There  were  one  or  more  entrances  to  these 
forts,  from  one  of  which  a  "covered  way"  sometimes  led  to  the  water.^ 
The  form  of  these  inclosures  was  determined  by  the  natare  of  the 
ground;  and  iu  area  tbey  varied  from  2  to  6  acres,  thoagh  occasionally 
they  were  much  larger,  as,  for  instance,  the  one  near  Livonia,  N".  T., 
which  contained  16  acres,^  and  the  one  14  miles  from  Sacfcetts  Harbor, 
which,  according  to  Moulton,  "covers  50  acres."!!  That  they  were 
very  numerous  is  evident  from  Squier's  estimate,  placing  them  at  from 
200  to  250;^  and  as  tbey  seem  to  have  made  up  in  number  what  they 
lacked  in  size,  it  is  equally  evident  that  taken  in  mass  the  amount  of 
labor  involved  in  their  constrnction  mnst  have  been  immense.  It  would 
be  a  grave  mistake  however  to  regard  this  as  a  measure  of  the  popn- 
lousness  of  this  region,  since  it  probably  resulted  from  the  custom  of 
the  Indians  of  changing  their  village  sites  every  "  ten,  fifteen,  or  thirty 
years,^  or  in  fact  whenever  the  scarcity  of  firewood,  the  exhaustion  of 
their  fields,  or  the  prevalence  of  an  epidemic  made  snch  a  step  desir- 
able.'* 

This  is  a  brief  general  description  of  these  inclosures  as  they  appear 
to-day;  andif  we  compare  them  with  the  "  defensive  works"  as  depicted 
in  Ancient  Monuments  of  the  Mississippi  Valley,  it  will  be  seen  that 
they  are  very  like  those  along  the  southern  shore  of  Lake  Erie,  as  well 
as  the  smallest  of  those  in  the  Ohio  Valley;  and  that  they  do  not 
differ,  except  in  size,  from  those  found  in  the  same  valley,  which  an 
usually  ascribed  to  the  mound-builders.  In  situation,  form,  and  stnic- 
tnre  they  are  the  same,  and  as  both  were  covered  with  heavy  forests, 
there  can  be  no  difference  urged  between  them  u|>on  the  score  of  autiq- 

■  MSB.  of  Prof.  E.  N.  Horefoid  in  Ahyr.  Moi,.  of  Xrw  Fort.  p.  38. 

» Abor.  M(m.  of  Xew  Tork,  p.  3». 

t  Kirklaad  MSS.  qaoted  io  Monlton,  New  York.  pp.  16  and  IT.  In  odb  mm  bt 
speaks  of  a  "  covered  way  iu  the  middle  of  a  stocka<lc  doirn  to  tbe  water;"  in  ^ 
other  he  says,  "»  way  was  dng  to  the  wat«r." 

f  Abor.  Mo».  of  Xiv  Tori,  p.  44. 

I  I.  r.,  p.  16. 

IT  Jior.  Mo».  of  .Vev  lort,  ji.  11.  Compatv  Moiillon,  p.  18,  who  says  tbalonlbe 
Boiith  side  of  Lake  Erie,  for  ■■*  diMliiacH  of  r>[l  miles,  "  is  u  series  of  old  furtiSotiona, 
some  of  which  ore  (^ui  2  to  4  mit<':<  iipart,  others  half  a  mile  only." 

••S.iganl,  Foyo^  dfi  ^Kroai,  tome  1,  p.  81:  Paris,  18te.  L»  Vega,  I,  p.  W- 
Pwis,  1709. 
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oity.  The  relics,  too — especially  th©  implemeo  ts  and  ornaments  of  stone, 
bone,  and  sbell — that  are  found  under  similar  circumstances  within  or 
near  these  tvo  series  of  works  are  identical  in  form  and  finish ;  and  the 
best  specimens  of  the  Iroquois  black  pottery,  described  by  Morgan*  as 
being  of  various  designs  and  sizes,  and  of  such  "  fine  texture  as  to  ad- 
mit a  tolerable  polish,  and  so  firm  as  to  have  the  appearance  of  stone," 
can  not  have  been  very  difTerent  from  the  same  class  of  articles  that 
bave  been  taken  from  the  mounds  iu  the  Ohio  Valley.  Indeed  Mr. 
Sqniert  says  that  the  terra  cottasof  western  New  York  compare  favor- 
ably with  anything  be  had  yet  seen  of  native  workmanship;  and  that 
the  earthen  pipes,  said  by  Morgan  to  be  nearly  as  bard  as  marble,  fan- 
cifblly  molded  in  the  form  of  animals  and  of  the  human  head,  are  so 
''hard,  smooth,  and  symmetrical  as  almost  to  induce  doubts  of  their 
aboriginal  origin." 

In  view  of  these  manifold  resemblances,  too  numerous  and  too  close 
to  have  been  the  result  of  accident,  it  behooves  us  to  inquire  into  the 
origin  of  the  earthworks  in  western  New  York.  According  to  Mr. 
Squiert  they  were,  one  and  all — mounds  as  well  as  embankments — 
"  erected  by  the  Iroquois  or  their  western  neighbors;"  and  he  bases 
this  opinion  upon  a  comparison  of  the  "relics  and  traces  of  occupancy" 
that  are  found  within  these  abandoned  inclosures  with  those  which 
mark  the  sites  of  towns  and  forts  that  are  known  to  have  been  occu- 
pied by  the  recent  ludiaus.  These  he  declares  to  be  identical,  as  is 
also  their  pottery,  whilst  their  pipes  and  ornaments  are  said  to  be  in- 
distinguishable. **  The  indications  of  aboriginal  dwelhngs  are  precisely 
similar,  and,  so  far  as  can  be  discovered,  have  equal  claim  to  antiquity. 
Near  many  of  these  works  are  foand  cemeteries,  in  which  well-preserved 
skeletons  are  contained,  and  which,  except  in  the  absence  of  European 

' Ltagtit  4>f  tht  Iroquoit,  p.  354.  The  TndianB  everywhere  east  of  the  MissUsipiii 
Htd  Bontli  of  tbe  lakes  bail  made  great  progress  in  the  manufoctareof  earthenSare. 
Thus  we  are  told  that  "  tbe  Roanoke  IndiaiiH  have  earthen  pot«,  large,  white,  and 
sweet:"  Haklayt's  Fosaget,  in,  p.  301.  The  Crenks,  Chickasaws,  etc.,  "make 
eartbeD  pots  of  very  different  si/.eB,  no  oh  to  contain  from  2  to  10  gallons;  large 
pitubera  to  carry  water;  bowls,  dishes,  platters,  basioH,  and  a  prodigious  nnmber 
of  other  Tesaelsof  Hucb  autiqnated  forma  as  would  be  tedionsto  describe  and  impos- 
sible to  name.  Their  method  of  glazing  tbem  is,  they  place  them  over  a  large  fire 
of  amok;  jtjtch  pine,  which  makes  them  smooth,  black,  and  firm:"  Adair,  p.  425, 
Among  the  Natchez  these  vessels  were  "d'un  assez  boau  rouge:"  Du  Pratz,  ii,  p. 
179:  Paris,  1758.  "The  Naiidowessies  make  black  pottery  nearly  as  bard  oa  iron:" 
Carver,  pp.  101-323.  West  of  the  Mississippi,  at  Nnj;aat«x,  there  are  vessels  made  of 
elay  which  differ  very  little  A«m  those  of  Estrenioz  and  Montremor:"  Knight  of 
Elvas  in  Hi»L  Coll.  LoHiiiana,  part  ii,  p.  201.  In  Ancitnl  iSocietg,  note  to  p.  530. 
Morgan,  on  the  antbority  of  Mr.  F.  A.  Cnsbing,  tells  us  that  "  tbe  Iroqnois  orna- 
mented their  jars  and  pipes  with  miuature  human  faces  attached  as  buttons;"  and 
as  this  style  of  ornaroeutation  is  believed  to  be  aoinewhat  unusual,  it  may  be  well 
to  say  that,  in  the  Peaboily  Muaenin  at  Cajubridge,  there  are  several  bowls  of  black 
pottery,  from  stone  graves  in  Tennessee,  which  oru  omtuoented  in  this  manner, 

i  Abor.  Mon.  of  I/tw  Tork,  p.  13  and  diapt.  t. 

,  "••■'•'•'"•  .,„.„.,Googlc 
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art,  differ  in  no  eaaential  re8}>cct  t^m  tlie  cemeteries  foniid  in  connec- 
tion with  the  deserted  modern  towns  and 'castles'  of  the  Indinos.'' 
This  is  certainly  a  very  strong  statement  of  the  case,  and  if  we  add 
that  the  Huron-Iroquois  were  aocustoined  to  fortify  their  forts  or  castlM 
with  a  ditch  and  wall,  the  latter  surmoatited  by  a  stockade,  it  will  be 
seen  that  Mr.  Siiuier  had  good  and  sufRcient  reasons  for  nttrihuting  all 
these  works  to  the  recent  Indians.  Indeed,  now  that  the  palisadeti 
that  once  Inclosed  the  villages  known  to  have  been  occupied  by  tlie 
Iroquois  have  rotted  awuy,  there  is  no  structural  difference  to  be  seen 
between  them  and  any  of  the  earthworks  of  western  New  York ;  and 
as  these,  in  their  turn,  are  identical  in  tliis  respect  with  the  hill  fortt 
of  the  Ohio  Valley,  it  must  follow,  if  the  Iroquois  or  their  western 
neighbors  erected  the  New  Yoik  series  of  these  works,  that  there  is 
no  reason  why  these  same  western  neighbors,  or  a  people  in  the  same 
stage  of  civilisation,  could  not  have  built  those  in  Ohio  and  still  far- 
ther to  the  west,  due  refiard  being  had  to  their  population  and  to  the 
necessity  for  such  defenses.  Thus  for  instance  whilst  a  we^k  i>r 
peaceful  tribe,  in  tlie  midst  of  enemies,  would  find  it  neces.'^aiy  to 
fortify  themselves  at  every  point,  a  strong  and  warlike  i)coplc,  of  whom 
their  neighbors  stood  in  awe,  would  be  relieved  of  this  necessity,  ex- 
cept in  the  direction  froTii  which  they  anticipated  danger.  This  was 
forcibly  exemplified  in  the  case  of  the  Iroqnots,*  when  in  the  heyday  nf 
their  power ;  and  it  muy  still  be  seen  in  New  Mexico,  where  the  Pneblo 
of  Taos  is,  or  was  until  very  lately,  "surrounded  by  an  adobe  wall, 
strengthened  in  some  places  by  rough  palisades,"  t  whilst  their  more 
warlike  neighbors,  like  the  Ajtivclie  and  tlie  Navajo,  have  not  found 
such  defenses  necessary  or  even  desirable. 

Of  the  method  practiced  by  the  Huron  Iroquois  of  fortifying  their 
villages,  our  accounts  are  very  full  and  explicit.  Parkman,}  whom  it  is 
safe  to  follow,  in  an  ailniirable  sketch  of  the  Hurons,  tells  as  that  the 
defenses  of  this  family  of  tribes,  "  like  their  dwellings,  were,  in  essential 
points,  alike.  A  situation  was  chosen  favorable  to  defense — the  bank 
of  a  lake,  the  crown  of  a  diOicult  hill,  or  a  high  point  of  land  in  the  fork 
of  couduent streams.  A  ditch  severalfeet  deep  wasdugaroandthevil- 
lage,  and  theearth  thrown  np  on  the  inside.  Trees  were  then  fellc!  by  an 
alternate  prm^ess  of  burning,  and  hacking  the  burnt  part  with  stone 
hat<^hets,audby  similar  means  were  cat  into  lengths  to  form  paUsades. 
These  were  planted  on  the  embankment  in  one,  two,  three,  or  four  con- 
centric TOWS,''  the  whole  being  crossed  and  interlaced  after  the  manner  of 
a chevanx-defrise,  and  lined  within  to  the  height  of  a  man  with  heapf 
sheets  uf  hark.    At  the  top,  where  the  palisades  crossed,  was  a  gallery 

'  Morgan,  p,  314. 

tBancroft,  -Vnlift  Rote*  of  the  Paeific  Stales,  vol.  i,  |..  G6i. 

(■/eiuiti  iH  .Imerica,  p.  xxix  of  tliu  Iiitro<hictioii :  Itoatoo,  1874.  Compon  Morgan, 
p.  314;  Lafitan,  vul.  n,  pp.  3  el  »tq.;  Hagard,  Voyage  des  Htiron»,  pp.  79-60;  P*ri>. 
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of  timber  for  the  defendeni,  together  with  wooden  gutters,  by  which 
streams  of  water  could  be  poured  down  on  fires  kindled  by  the  enemy. 
There  wan  no  matheiuatical  regnlarit;  in  these  works,  their  form  being 
determined  by  the  nature  of  the  ground.  Freqaently  a  precipice  or 
river  safBi^I  for  partial  defeuBe,  and  the  line  of  embankment  occurs 
only  on  the  eximsed  sides.  We  are  also  told  that  in  erecting  these 
works  it  was  probable  that  the  palisades  were  planted  first,  and  the 
earth  afterwards  heaped  on  both  sid^a  iu  the  manner  described  by 
Cnslck  *  and  La  Hontan.t  At  an  early  day  the  Jesuits  taught  the 
Harons  to  build  rectangular  palisaded  forts  with  bastions,  and  the 
Iroquois,  whose  forts  are  said  to  have  been  stronger  and  more  elaborate 
than  those  of  the  Hurons,  soon  adopted  the  same  practice,  omitting,  in 
some  cases,  the  diteh  and  the  embankment.  Among  the  Algonquin 
tribes  of  southeastern  New  York  a  similar  method  of  fortification  seems 
to  have  prevailed,  A  wording  to  Van  der  Donck,  t  the  Indians  of  New 
Ketherlands,  "  in  their  villages  and  castles  always  build  Urm,  strong 
works.  They  usanlly  select  a  situation  on  thesido  of  a  steep,  high  hill, 
near  a  stream  or  river,  which  is  difficult  of  access  except  from  the  water, 
and  inaccessible  on  every  other  side,  with  a  level  plain  on  the  crown 
of  the  hill,  w)iirh  they  inclose  with  a  strong  stockade  in  a  singular 
manner.  First  tliey  lay  along  on  the  ground  large  logs  of  wood,  and 
frequently  smaller  logs  upon  the  lower  logs,  which  serve  for  the  fouoda- 
tioD  of  the  work.  Then  they  place  strong  oak  palisades  in  the  gronnd 
on  both  sides  of  the  foundation,  the  upper  euds  of  which  cross  each 
other,  and  are  joined  together.  In  the  upper  cross  of  the  palisade 
they  then  place  the  bodies  of  trees,  which  makes  the  work  strong  and 
firm.  These  castles  are  considered  very  strong,  and  they  A-eqnently 
contain  twentyor  thirty  houses,  some  of  which,  by  actual  meaHorement, 
are  180  yards  (aic)  long,  and  about  20  feet  wide.  Besides  these  strong- 
holds they  have  other  villages  and  towns,  which  are  also  inclosed." 
The  Pequots  of  Connecticut  were  a  kindred  tribe,  and  ViDcent,§  de- 
scribing their  fort  near  New  London,  says:  "Here  they  pitch,  close 
together  as  they  can,  young  trees  and  half  trees  as  thick  as  a  man's 
thigh  or  the  calf  of  his  leg.  Ten  or  twelve  foot  high  they  are  above  the 
gronud,  and  within  rammed  3  foot  deep  with  banking,  the  earth 
being  cast  up  for  their  better  shelter  against  the  enemy's  discharge- 
ments."  A  fort  of  the  Narragansetts  is  said  to  liave  had  an  exterior 
ditx;h,||  and  we  aretoldtbatapartyofMohegans,  having  invaded  Block 

•  In  Tol,  v  of  Schoolcraft,  Indian  Tribe*,  p.  637. 

I  7>aiie((,  to),  u,  p.  67:  "The  Hurona  set  up  pnlvs and  fasten  them  with  earth. " 
''The  Indians  are  mote  skillful  in  erecting  their  fnrtiticalinna  than  In  biiildiDg  their 
hmiMs;  here  yon  nee  villages  gurronnded  nith  a  gaoA  palisade  and  with  redoubts:" 
Charlevoix,  Lelttrn,  it,  p.  127:  London,  1761. 

iyfaKetJurrtandi,  p.  197. 

(  Man.  Hitt.  Coll.,  thinl  eerier,  vol.  vi,  p.  3». 

IDwight'8  Trartit,  \ol.  in,  p.  23:  New  Haven,  1822.  r'  I 

H.  Mis.  334,  pt  1 38  ° 
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Island,  were  drivea  to  a  higli  bluff  aud  starved  to  death,  though  not 
until  they  had  found  means  to  "  dig  a  trench  around  tlietn,  toward  the 
land,  to  defend  them  from  the  arrows  of  their  enemies."  •  In  1637  the 
Algonquins,  living  at  Trois  Riviferes,  Canada,  being  alarmed  at  the 
rumor  of  an  Iroquois  attack,  strengthened  their  fort  by  erecting  a  sec- 
and  TOW  of  palisades,  distant  from  the  first  about  a  foot  and  a  half,  and 
tilliug  the  intervening  space  with  fascines  and  earth,  t  According  to 
Charlevoix,  the  Outagamis  (Foxes),  in  1712,  made  an  attack  upon  the 
French  post  at  Detroit,  and  having  been  repnlsed,  took  refuge  in  a  fort 
where  they  were  well  entrenched  (retranches).  The  fire  upon  them,  how- 
ever, was  so  Bt«ady  that  they  were  obliged  to  get  into  a  ditch  4  or  S 
feet  deep  (se  mettre  a  quatre  o&  cinqpieds  en  terre).  Taking  advantage 
of  a  lull  in  the  firing,  they  made  themselves  masters  of  a  house  that 
was  left  standing  near  their  fort  and  raised  a  redoubt  {redotUe).  {  Being 
eventually  driven  from  this  stronghold,  they  retired  to  a  peninsula  that 
jutted  into  the  lake,  where,  to  the  number  of  five  hundred  men  and 
three  thousand  women  and  children,  they  shut  themselves  up  in  a  fort, 
surrounded  by  "  three  rows  of  oak  palisades  with  a  deep  ditch  behind."^ 
Elsewhere,  as  we  have  seen,  tribes  in  Illinois  and  Indiana  belonging  U> 
this  same  fomily  have  defended  themselves  in  a  similar  manner  witbio 
comparatively  recent  times;  aud  in  the  narrative  of  Conrad  Wiser,  the 
interpreter,  we  are  told  of  a  place  in  Pennsylvania  where  "  the  Indians, 
in  former  times,  had  a  strong  fortification  on  a  height.  It  was  sur- 
rounded by  a  deep  ditch ;  the  earth  was  thrown  up  in  the  shape  of  a 
wall,  about  9  or  10  feet  high,  aud  as  many  broad.  But  it  is  now  (1741) 
in  decay,  as  firom  appearance  it  had  been  deserted  beyond  the  memoiy 
of  man."  || 

In  Virginia  the  Indians,  according  to  Capt  Smith,  had  **  pallizadoed 
towns,  mautelled  with  the  barkes  of  trees,  with  scafi'olds  like  mounts."^ 
There  is  no  mention  of  a  ditch  or  of  an  embankment,  and  as  a  rule 
there  seems  to  have  been  but  one  row  of  palisades,  though  when  they 
would  be  very  safe  "  they  treble  the  pales."  Sometimes  they  "  encom- 
passed their  whole  town,  but  for  the  most  port  only  their  kings'  housen, 
and  as  many  others  as  they  judge  sufficient  to  harbor  all  their  i>eople, 
when  the  enemy  comes  i^ainst  them."  **  This  mode  of  defense  was  kept 
up  in  Carolina  until  the  final  expulsion  of  the  Indians,  as  we  are  told  that 
the  Tuscaroras  (1713-'13)  built  their  forts  in  this  manner,  and  upoa  one 
occasion,  when  besieged  by  the  whites,  they  refused  to  surrender  until 

*  JtfflM.  Hill.  CoU.,  third  aeriea,  vol.  vi,  p.  197. 

t  L«  Jenne,  AWntjon,  163T,  p.  83.    In  tlie  ongioal  it  i«ads;  "l.Tec  desaein  d«  nn- 
plir  CO  vuide  do  rasciDes  et  de  terre." 
t  Xomrtllr  Framcr.  vol,  iv,  pp.  97  and  98. 
5  Ibid.,  p.  Irfi, 

n  riibliBhml  in  vol.  iv.  Srtioolrmfl,  Indian  IHbtt,  p.  3L1i. 
H  PurrhM  Pilfrim:  vol.  iv,  p.  1715. 
•*  Beverly,  book  iii,  p.  12. 
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cannoD  were  planted  within  a  few  yards  of  their  walls.*  In  the  States 
Btlll  farther  to  the  BOiith,  the  same  method  of  fortification  was  prac- 
ticed. Le  Moyne,  the  artist  of  Laudonui^ro's  expedition,  gives  a  picture 
of  one  of  these  villages,  t  which  is  surrounded  by  a  single  row  of  pali- 
sades, twice  the  height  of  a  man,  set  close  together.  The  entrance  is 
narrow,  drawn  iu  after  the  manner  of  a  snail  shell,  and  is  further  de- 
fended by  two  small  round  buildings,  with  slits  and  holes  for  observa- 
tion, something  like  an  old-fashioned  sentry  box. 

In  the  Uulf  States,  including  under  this  head  portions  of  Tennessee 
and  Arkansas,  the  Indians  have  been  in  the  habit  »f  fortifying  their 
vilages  with  ditches  and  stockades  from  the  time  of  Dc  iSoto  down  to  the 
beginning  of  the  present  century.  As  late  as  1811  the  position  of  the 
Oreeks,  at  the  battle  of  the  Horseshoe,  is  said  to  have  been  protected 
by  a  line  of  earth-works  from  6  to  8  feet  high,^  and  about  17^,  almost 
a  century  earlier,  the  Chickasaws  met  the  attack  of  Bienville  In  a 
stockaded  fort,  and  standing  waist  deep  in  a  ditch.§  Going  back  still 
AlTther,  we  are  told  by  the  Portuguese  gentleman  ||  that  the  wall  around 
a  town  belonging  to  the  Cacique  of  Coja,  as  well  as  that  "of  others 
which  afterwards  we  saw,  was  of  great  poHts  thrust  deep  into  the 
groand,  and  very  rough ;  and  many  long  rails,  as  big  as  one's  arm,  laid 
across  between  them,  and  the  wall  was  about  the  height  of  a  lance,  and 
it  was  daabed  within  and  without  with  clay,  and  bud  loopholes."  The 
town  of  Mauvila  was  situated  in  a  plain,  and  consisted  of  eighty  honse^, 
the  smallestof  which,  according  to  La  Vega,  might  contain  six  hundred 
persons.  It  was  surrounded  by  a  high  rampart,  palisaded  with  heavy 
beams  of  wood  planted  in  the,  ground,  and  with  timbers  placed  cross- 
wise. The  vacant  places  were  mied  in  with  earth  mixed  with  straw, 
so  that  the  wall  looked  like  a  piece  of  masonry.  At  every  50  paces 
there  was  a  small  tower  with  loopholes  large  enough  to  hold  eight 
men  The  town  had  two  gates  and  a  large  square  in  the  middle,  which 
was  surrounded  by  the  principal  house3.1i  West  of  the  Mississippi 
was  the  village  of  Capaha,  which  is  said  to  have  consisted  of  five  hun- 
dred houses.     It  was  situated  on  a  little  hill,  surrounded  by  a  «litcli  10 

•  Martin,  Xorlh  Carolina,  vol.  i,  p.  251 :  Now  OrleuDH,  1823. 

IDeBry,  pUt«  xxx. 

tSchoolcTafI,,  Indian  Tribe*,  vol.  vt,  p.  372. 

4  Hut.  Cell,  of  LouiMana,  p»rt  ii,  p.  K3 :  "  SurrouDiled  by  tiiiiber  1  cubic  fiiot  placed 
circnlarly  with  three  rows  of  loopholes;  the  Chi coc baa  were  l>edi]e<l  tntbeatuniarli  in 
the  «artb,"  «tG.  "A  large  village,  surrouuded  by  a  kiml  of  wall  made  with  potter's 
clay  aod  aaud,  rortifled  with  little  towera  at  inlervaln,  where  we  round  fastened  to 
a  pott  the  arma  of  Spain  engraved  on  a  copper  plate,  dated  luKH,"  Cavelierin  Shea's 
Early  Voyages, p. 21,  Albany,  1861.  "Thi^  old  village  of  the  Akansea,  where  the; 
fonnerly  received  the  late  Father  Marquutte,  and  which  is  discernible  now  only  by 
the  outwotka  (dehort),  there  being  do  cabins  left."  Father  GraTier  in  Shta't  Early 
Voyaget,  p.  1S6. 

n  Si»t.  Coll.  of  LoHinaita,  part  Ii,  p.  153. 

f  La  Vega,  seconde  partie,  p.  19.  /■-'  i 
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or  12  cubits  deep,  and  50  paces  wide  iu  most  places,  and  in  others  odI; 
40.  This  ditch  vas  kept  fiiU  of  water  by  means  of  a  canal  that  had 
been  dug  ftt>m  the  town  to  the  river  Cbucagua.  The  canat  was  3 
leagaes  long,  a  pike's  length  at  least  in  depth,  and  ao  broad  that  two 
large  boats  could  navigate  it  aide  by  side.  The  fosse,  filled  by  this 
canal,  surrounds  the  city  except  in  one  place,  which  is  closed  by  heavy 
posts  planted  in  the  ground,  and  fastened  by  means  of  others  placed 
crosswise,  the  whole  being  covered  with  earth  and  straw.  Within  this 
town  was  the  temple,  in  which  were  deposited  the  bones  of  the  ances- 
tors of  the  Capaha  chief.  This  the  Indian  allies  of  De  Soto  pillaged, 
breaking  open  the  coffins  and  scattering  the  bones.  They  also  removed 
the  heads  of  their  countrymen,  who  bad  been  killed  in  previous  wars, 
and  substituted  those  of  the  Oapahas  who  had  fallen  in  the  recent  bat- 
tle.* This  is  the  account  left  by  Le  Vega  of  this  village,  and  thongh 
it  is  evidently  exat;gerated,  as  are  all  of  his  descriptious,  yet  there  can 
be  no  doubt  that  it  is  substantially  true,  as  it  is  confirmed  in  all  im- 
portant particulars  by  the  other  chroniclers  of  that  expeditiou.  Thus, 
for  iustance,  Biedmat  tells  ua  that  "  they  reached  a  village  in  the  midst 
of  a  plain,  surrounded  by  walls  and  a  ditch  which  had  been  made  by 
the  Indiaus,  filled  with  water;"  and,  according  to  the  Knight  of  Klvas,t 
this  town,  which  he  calls  Pacaba,  "was  very  great,  walled,  and  beset 
with  towers,  aud  many  loop-holes  were  in  the  towers  and  wall.  -  -  - 
Where  the  governor  was  lodged  was  a  great  lake  that  came  near  unto 
the  wall;  and  it  eutered  into  a  ditch  that  went  round  about  the  town, 
wanting  but  a  little  to  euviron  it  around.  From  the  lake  to  the  great 
river  was  made  a  wear  by  which  the  fish  came  into  it.  -  -  •  With 
nets  that  were  found  in  the  towu  they  took  as  much  as  they  woold; 
and  took  they  never  so  nuich,  there  was  no  want  perceived.  Within  a 
league  and  a  half  there  were  other  great  towns  all  waited." 

Protreediug  Ktill  farther  to  the  northwest,  we  are  told  that,  witbin  the 
present  century,  the  Maudaus,  Arikaras,  and  other  tribes  living  high 
up  on  tbe  Missouri,  when  they  were  fir^t  visited  by  the  whites,  were 
accustomed  to  fortify  their  towns  by  ditches,  eiubaukments,  and  pali- 
smlcs.  Lewis  aud  Clarke  made  repeated  nieutiou  of  recently  abandoned 
Indian  villages,  surrounded  by  eartlien  walls,  which  iu  one  case  at 
least,  are  said  to  have  been  S  or  10  feet  high ;  §  and  Brackeoridge,||  who 
visited  these  same  tril>cs  in  1811,  tells  us  of  a  citadel  or  fortification 
oval  in  form,  and  4  or  5  acres  in  ext«nt,  around  which  a  village  had 

'Ibid.  Seconde  pnrti^,  livre  Recoiid,  rhap.  vi  uml  vii.  Compare  this  with  tba 
accoiiDt  of  tbe  Temple  of  tbe  Tcdhm,  I>;  Toutt,  un  p.  42. 

(  Bi»l.  Colt,  of  Lomtiama,  p&rt  II,  p.  105. 

II. c,  part  II,  p.  172. 

^LowiaiuadClarke,  vol.  i,pp.62,92,  94,97,98, 10e,otc.:  Pbilkdelphla,  1814.  "Tin 
Omahas  and  Pawners  tou,  bo  I  aiii  told  by  Miaa  Alii'e  C.  Fletcher,  fonnerly  dug 
ditches  around  their  villages,  and  made  walls  from  3  to  6  feet  high." 

n  Fieir*  o/  Louitiaiia,  p.  24L>.  He  adds:  "Probabl;,  in  «ue  of  tiege,  the  wbol* 
viUage  was  crowded  into  this  apace." 
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^parently  been  baUt.  Tbe  earthen  wall  that  iaclosed  this  fort  was 
aboat  4  feet  high,  and  upon  it  cedar  posts  were  still  standing.  Struck 
with  the  resemblance,  "  in  every  respect,"  between  these  ruins  and  the 
"veBtiges,"  as  he  calls  the  earthworks  on  the  Ohio  and  the  Mississippi, 
be  very  justly  coucluded  that  these  latter  were  but  the  Bites  of  stockaded 
towns  and  villages;*  and  this  inference  is  home  out  by  the  fact  that  on 
some  of  tbem  "  the  remains  of  iiallisadoes  were  found  by  the  first  set- 
tlers." t 

That  this  resemblance  is  not  altogether  fanciibl  will  be  admitted  by 
those  who  have  followed  the  course  of  this  investigation,  though  it  is 
possible  that  the  comparison  would  be  more  just  if  it  were  limited  to 
the  hill-forts  of  the  Ohio  Valley.  Defensive  works  of  the  cliaracter  of 
these  latter  seem  to  have  been  the  same  everywhere,  and  whether  built 
by  Iroquois,  Chickasaw,  Maudan,  or  Monud-builder,  admit  of  no  dis- 
tinction in  situation,  form,  or  structure.  Not  so  however  with  the 
class  of  works  to  wliicli  the  ierm  fortified  village  has  been  applied. 
These  are  groups  rather  tban  single  works,  and  though  primarily  noth- 
ing but  mounds,  ditches,  and  embankments,  and  as  snch  differing  in 
nowise,  except  perhaps  in  size,  Irom  similar  structures  elsewhere,  yet 
they  are  often  arranged  in  snch  a  complicated  manner  as  to  have  but 
little  in  common  with  the  inclosures,  north  of  the  Ohio,  that  are  known 
to  have  been  erected  by  the  modern  Indians.  For  their  counterparts 
we  must  look  to  the  Galf  States,  Georgia  and  Arkansas,  and  it  is  pos- 
sible that,  even  here,  they  will  be  found  to  be  neither  bo  large  nor  so 
complicated.  Upon  this  point  however  it  is  necessary  to  "  make  haste 
slowly,"  as  our  knowledge  of  the  earth-works  in  the  Southern  States  is 
very  shght;  and  there  can  be  no  doubt  that  the  statement  of  tlie  Portu- 
guese Gentleman}  as  to  the  existence  of  "  great  and  walled  towns,  and 
many  houses  scattered  all  about  the  fields,  to  wit:  a  cross-bow  shot  or 
two,  the  one  from  the  other,"  taken  in  connection  with  what  is  known 
of  the  manner  in  wliich  these  tribes  built  their  houses  and  fortified 
their  villages,  is  suggestive  of  a  condition  of  affairs  strongly  resembling 
the  famous  mound  centers  of  the  Ohio  Valley .§     In  all  other  resiiects, 

*  Ibid.,  p.  183.     Compare  Catlin,  vol.  II,  pp.  259  el.  ttq. 

I/Ud.,  p.21. 

XI.  0.,  pp.  ISO,  169,  170,  114,  and  172.  The  ludianH  eveiywiiere  thTonghoat  thia 
region  bttilt  thfiir  villugM  in  groups,  some  of  which  were  Tery  large,  l^pon  this 
point  coniolt  the  other  cbroniclen  of  De  Soto'a  expedition  and  the  nairatiTes  of 
Ffttber  Bona;,  p.  201,  and  Gravier,  pp.  133,  138,  and  148;  alxo  Adsiri  p.  352,  and 
Charlevoix,  Lrtim  ii,  p.  245  el  leq. :  London,  17B1. 

i  A  aeries  of  explorations,  under  the  aiiRpicen  of  the  Peahoily  Mnsenm  of  American 
Archfeology  and  Ethnology,  ha«  recently  been  rnnducted  amid  the  moDnds  and  vil- 
lage sites  of  the  northeastern  portion  of  Arkansas — the  region  that  the  Capabas  an 
supposed  to  have  inhabited  in  the  time  of  De  Roto,  and  where  tbe;  were  found  by 
Father*  Donay  and  Chaileroix  iti  168T  and  1721— and  it  is  cnrions  to  note  how  tbe 
atatement  of  theold  chronicler  aa  to  tlie  pxistence  of  "walled  towns  within  a  league 
or  a  lekgne  and  3  half  of  each  other"  is  verified,  ^ee  Fourteaitk  Atinval  Repiyrt  of 
Die  Ftaiod]f  JfttwutN,  p.  19,  where  we  are  told  that  "  these  monnda  are  osnallj-  sni- 
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the  warkn  nf  the  Soatlierii  Indians,  such  as  tliey  liave  been  described 
by  the  early  chroniclers,  will  compare  favorably  with  an>-thiug  of  the 
same  character  that  has  yet  been  found  in  the  Unit«d  States.  The 
truncated  or  temple  mounds  are  far  more  namerous  iu  the  States  south 
of  the  Ohio  than  auywlit>re  else  in  the  Mississippi  Valley,  and  except 
in  one  or  two  notable  instanf-es,  are  of  larger  size;  whilst  the  artifici^ 
ponds,  with  canals  to  feed  them,  are  believed  to  be  peculiar  to  that 
region. 

Of  the  other  earth-works — the  stone  cairns,  burial  mounds,  graded 
waySfditches,  and  embankments — it  can  only  be  said  that  they  are  com- 
mon to  both  sections,  and  that  the  only  ilifference  between  them  is  in 
their  size,  or  in  the  order  in  which  they  are  sometimes  grouped  together. 
Even  in  these  particulars  the  advantage  is  not  always  on  one  side,  for 
the  reason  that  there  is  no  uniformity  in  any  of  the  works,  and  whilst, 
as  a  matter  of  fm't,  the  largest  and  most  complicated  group  of  the  Ohio 
system  exceeds  anything  that  has  yet  been  found  in  the  Onlf  States,  it 
is  equally  true  that  there  are  mounds  and  embankments  sonth  of  the 
Ohio  that  are  larger  than  are  many  of  those  found  to  the  north  of  that 
stream.  Between  the  giant  mass  of  the  Oahokia,  111.,  mound  and  the 
long  lines  of  embankment  on  Paint  Creek,  Ohio,  and  their  counterparts 
in  Mississippi*  and  elsewhere  in  the  Southern  States,t  the  difference i» 
much  less  than  it  is  between  these  sameworksand  the  average  of  those 
of  similar  ch:iracter  in  the  northern  half  of  the  Ohio  Valley.  But  even 
if  there  were  no  snch  dilferences,  and  the  groups  in  the  Ohio  t(}~stem  of 
works  were  uniformly  of  larger  size  and  more  complicated  pattern  than 
can  be  found  elsewhere  in  the  United,  States,  the  fact  would  still  be 
without  any  ethnical  sigoiticance;  otherwise  we  should  have  to  admit 
that  there  existed  in  the  Ohio  Valley  at  or  about  the  same  time,  and  in 
close  proximity  to  each  other,  as  many  different  races  or  phases  of  civi- 
lizntion  as  there  are  groups  of  works,  and  this  woold  be  absurd. 

With  the  establishment  of  this  point,  my  task  is  brought  to  a  close. 
In  it  I  have  confined  myself  almost  entirely  to  the  historical  proof  of 
the  reti'Ht  origin  of  these  works,  and  except  incidentally,  have  ignored 
the  argument  that  may  be  drawn  from  the  similarity  of  burial  customs. 
and  fntni  the  identity  of  the  implements  and  ornaments  found  in  the 


rnuDilfd  by  Nvthwnrkn  unil  ditcbea.  fumiisg  intluanrea  of  froin  3  or  4  to  18  or  X 
<M'T»> : "  HDtl  tlip  MS.  iirW  notrs  of  the  UU-  Mr.  Eawin  Cttrtiw.  n«»  in  the  PMbodj 
Mtispum.  for  tlit>  ivUtivt-Hitiiatiou  uf  mnw  of  iheof  incloaureii. 

*Tht>  KTvat  uixiiuil  at  S«IuertnirD,  Mi^m..  arronliiig  to  Brae h»n ridge,  Appeodii  to 
>~irH-(  u/  tcitiMjtfiKt.  naH  »  truDcatcd  giyraiui.l  fiOli  li,v  400  fpet,  and  40  feet  is  perpcD- 
(lii-itlar  hci);h(.  It  h^k*  asi-vnilril  )iy  );nul«l  ways,  and  tlie  ana  on  top  MnbraMd 
alHinl  4  Bcrvs.  At  r;i.  1i  cud  of  IliU  anu.  and  nrar  the  renter,  were  other  moaud*. 
(tiK>»f  whu-h  w;t.->  ain.iii  l(t  fn'l  lii):h.  irith  a  Irvrl  spaee  al  ibi  snnwutSO  feet  indi- 
ainoter.    The  whoK-  x^"  sumiundiil  Uy  a  ditrh  that  aventfcnl  lOfntdeep. 

IKur  thoHitf  ofMiiie  uftlirae  noTkn.  »«  amlf.  fout-Dote  'on  pageSK.  CompM* 
al»»  S.i«.,-r.  .lfc..M>.  «..■,  «/  (A.  Jfi*..  I  ■/),,.  pp.  113  rt  Mf.,aiMl  Jwa,  Jafifwttw  ^ 
'*»  ,<..»<*rra  /.djaa*.  p,  ISJ.  New  York,  ISTS.  L:,y,i,^eu  l,  GoOQ  Ic 
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inonnds  with  those  that  are  known  to  have  been  made  and  used  by  the 
recent  IndianB.  This  has  not  proceeded  from  any  failure  to  appreci- 
ate the  fall  ethnical  si^iflcance  of  these  resemblances,  nor  has  it  been 
cansed  by  any  lack  of  material;  but  it  has  been  the  result  of  the  limits 
voluntarily  placed  npon  the  investigation.  At  some  future  time  it  may 
be  necessary  to  revert  to  this  subject,  and  then  it  will  be  competent  to 
show  that  the  "vestiges  of  art"  found  in  the  mounds  "do  not  excel  in 
any  respect  those  of  the  Indian  tribes  known  to  history."*  In  the 
meantime  we  can  well  afford  to  content  ourselves  with  this  brief  and 
cursory  examination  into  the  early  records.  Summing  op  the  resnlts 
that  have  been  attained,  it  may  besafclysaid,  tbatso  far  fh>m  there  be- 
ing any  apriori  reason  why  the  red  Indians  could  not  have  erected  these 
works,  the  evidence  shows  conclusively  that  in  Xew  York  and  the  Gulf 
States  tbey  did  build  mouuds  and  embankments  that  are  essentially 
of  the  same  character  as  those  found  in  Ohio.  And  not  only  is  this 
true,  but  it  has  also  been  shown  that  whilst  for  reasons  that  have  been 
given,  we  are  without  any  historical  account  of  the  origin  of  the  Ohio 
system  of  works — the  only  one  about  which  there  seems  to  be  any  dis- 
pute—yet there  can  be  no  doubt  that  oneofthe  more  elaborate  of  them, 
viz:  the  mound  at  Circleville,  in  which  were  found  articles  of  iron  and 
silver,  was  built  after  contact  with  the  whites,  and  therefore  by  the  re- 
cent Indians. 

In  view  of  these  results,  and  of  the  additional  fact  that  these  same 
Indians  are  the  only  people,  except  the  whites,  who,  so  far  as  we  know, 
have  ever  held  the  region  over  which  these  works  are  scattered,  it  is 
believed  that  we  are  fully  justified  in  abandoning  the  seemingly  nega- 
tive  position  occupied  at  the  outset  of  this  argument,  and  in  claiming 
that  the  mounds  and  iiiclosures  of  Ohio,  like  those  in  Kew  York  and 
the  Oulf  States,  were  the  work  of  the  red  Indians  of  historic  times,  or 
of  their  immediate  ancestors.  To  deny  this  conclusion,  and  to  accept 
its  alternative,  ascribing  these  remains  to  a  mythical  peopleof  a  differ- 
ent civilization,  is  to  reject  a  simple  and  satisfactory  explanation  of  a 
fact  in  favor  of  one  that  is  far-fetched  and  incomplete;  and  this  is 
neither  science  nor  logic. 

*  J.  W.  Ponell,  iti  IVaxMcfioxa  of  Ihe  Aiithrapological  Society  of  Wathingliin,  p.  IIG: 
Pamphlut,  1881. 


itized  by  Google 


,i,i.aL,  Google 


TUB    aSE    OF    FLINT    BLADES    TO    WORK    PINE    WOOD.- 
(KPOCH  OF  THK  ANCIENT  SHELL  HEAPS.) 


By  (}.  V.  Smith. 


In  the  dJBCtMsinnn  whinh  Iiave  been  going  on  for  niorft  than  thirty 
years  concerning  the  flivJHion  of  the  Stone  age  in  Denmark  into  tvo 
periodB,  that  of  the  shell  heaps,  aiitl  that  of  the  megalithic  tnonnments, 
one  of  the  principal  objections  made  to  the  theory  of  Worsaae  has 
always  been  that  the  bladet)  simply  chippe<l  could  not  be  employed 
as  axes,  and  ought,  upon  the  whole,  to  be  taken  out  of  the  list  of  cut- 
ting instrnments.f 

These  implements  have  however  when  they  are  in  good  condition, 
a  sharp  border,  analogous  to  an  edge,  which  has  always  been  produced 
by  the  same  process,  that  is  to  say,  by  striking  off  a  single  chip  from 
each  side  of  a  flint  disc  so  as  to  form  an  edge  by  the  line  of  intersec- 
tion of  the  two  faces,  whose  angle  of  inclination  is  not  ordinarily 
larger  than  the  corresponding  angle  of  the  cutting  pait  of  the  polished 
axes.  But  objection  has  been  made  that  this  sharp  border  is  not  suit- 
able for  an  edge,  consequently  the  implement  could  not  be  employed 
as  an  ax. 

If  we  examine  with  care  the  great  series  of  chipped  blades  which 
are  found  in  snch  abundance  in  the  National  Mosenm  of  Copenhagen, 
as  well  as  in  other  Danish  collections,  we  find  out  however  that  in  all 
the  examples  in  good  condition,  the  cutting  part  is  precisely  like  an 
edge,  whether  we  regard  the  form  or  the  idea  of  a  cutting  tool,  also 
fhim  this  point  of  view  it  does  not  seem  rational  that  this  kind  of  edge 
wonld  have  been  merely  accessory  in  the  chipped  blades  and  that 
they  did  not  have  any  importance  in  the  eyes  of  those  who  made 
use  of  these  implements.  It  is  then  difficult  to  understand  why 
there  is  any  hesitation  in  considering  them  to  have  been  cutting  im- 
plements, especially  when  it  is  possible  to  show  the  successive  devel- 
opment of  the  forms,  firom  the  largest  blades  to  the  most  complete 

'From  Aorbfger  fer  nordiBk  01dkyndLf;bed  ng  HiHtorie,  1891,  2  ser.,  VI,  fosc.  i, 
pp.  383-396,  and  rendered  ioto  FrcDch  by  E.  Beanvois,  in  Jfem.  d.  I.  fhc.  Roy.  d. 
Antiq.  da  Kord.  Cffpouhotfpn,  n.  n.  1891,  pp.  99-110. 

^Mem.  d.  I.  Soc.  d.  Jntiq.  da  Xord.  18Bi-'89,  371.  ,-.  , 
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types  of  edged  iiiBtrumeuts  wade  in  the  aaual  maimer  for  blades  and 
approaching  more  and  more  the  published  flint  axes. 

Blades  with  a  perfect  edge  are  rare,  naturally;  for  it  was  not  worth 
the  trouble  to  recut  them,  and  those  were  thrown  away  which  coald 
not  be  used.  The  edge  produced  by  simply  striking  off  two  fragments 
of  flint,  without  donbt,  had  not  the  resistance  of  aD  edge  made  by  pol- 
ishing; but  as  the  ancients  did  not  experience  any  difflcalty  iu  making 
new  blades,  the  frailty  of  the  edge  would  not  be  of  any  great  import- 
auce,  as  they  had  flint  in  abundance.  It  is  this  which  naturally  ex- 
plains the  great  quantity  of  blades  more  or  less  damaged,  which  are 
found,  not  only  on  the  Danish  borders  and  in  the  shell  heaps,  bnt  any- 
where in  the  interior  of  the  country. 

The  question  of  the  use  of  these  blades  as  cutting  iiistroments  has 
already  been  fully  treated,  especially  by  Dr.  Sophua  Muller.*  I  will 
not  go  into  details.  The  theoretical  part  of  the  subject  has  also  b«en 
ezhaosted.  It  only  remains  to  prove  by  practical  experiments  how  Car 
the  blades,  when  furnished  with  handles,  can  cut  wood. 

The  success  of  these  experiments  ought  to  be  a  strong  argnment  in 
favor  of  those  who  hold  that  flint  blades  of  the  ancient  shell-heap  epoch 
have  been  used  in  the  same  manner  as  polished  tools  from  the  last 
period  of  the  Stone  age,  that  is  to  say,  as  cutting  or  chopping  instru- 
ments, and  as  weaiious.  I  have  undertaken  these  experiments,  and 
give  here  the  results.  The  co-operation  of  an  able  assistant  was  indis- 
pensable to  me.  So  I  called  iu  the  aid  of  a  master  carpenter  of  Aarhos, 
M.  Helstrup,  who  has  shown  great  interest  and  aptitude  in  the  sub- 
ject in  assisting  me  in  the  practical  part  of  the  work. 

The  blades  used  have  been  hafl«d  partly  in  imitation  of  the  stone 
axes  which  are  to  be  found  in  the  National  Museum  of  Copenhagen 
(Department  of  Ethnology),  and  partly  atter  the  cuts  in  works  on 
AreliiPoiogy.f  In  trying  the  difierent  kinds  of  mountings,  it  was  de- 
cided that  the  most  advantageous  form  is  pae  copied  from  works  on 
the  construction  of  i>ilo  dwellings  of  the  Swiss  Lakes,  I  made  a  maple 
handle  7  centimeters  (2^  inches)  in  diameter,  and  about  58  centimeters 
(23  inches)  in  length,  preserving  this  thickness  about  12  centimeters 
(4|  inches)  from  the  end,  and  then  tapering  it  slightly  to  the  other  end. 

As  the  blades  placed  at  my  disposal  for  the  experiment  were  relatively 
small,  I  could  not  fasten  them  directly  into  the  handle;  the  edge  would 
have  been  so  near  the  handle  that  it  would  have  made  the  work  difli- 
cult,  especially  in  cutting  down  trees,  where  it  would  have  been  neces- 
sary to  strike  at  an  open  angle;  besides,  in  a  handle  of  this  kind  it 
was  difficult  to  give  stability  to  the  stone  blade.    The  blades  would  be 

'"ClnBBi&c&tion  of  tho  antiquitiuB  of  Denmark,  CopeDbagen,"  1888.  JfMt.  4.1.  S»c. 
d.  Anliq.  du  Nord.,  ]8S4-'89,  p.  731.     Aarh.f.  Nord.,  Oldlcs»digh«d.  eto.,  1888,  1890. 

IJ.  EvanB:  Ancient  Stone  Implennli of  Great  Brilain.  F.S«heat«d:  Forlidrwuaiir 
og  Oldtagerfra  Egnen  om  Brokolm,  tt  Arcktrohgitke  Undrrl«gtt*er,  1878-t88L  •  KaUer; 
P&MbantOD,  Jfitfhtil,  d.  JnlifMir,  GtelUdi  in  ZUrich.  lyC-TOO^^lC 
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moanted  more  advantageously  m  an  iatennediate  piece,  like  those 
vhich  were  geaeraUy  made  for  the  axes  of  stone  in  handles  found  in 
the  Swiss  lake  cities.  First  of  all,  by  that  means,  it  became  possible 
to  fix  them  immovably  in  the  helve;  and  secondly,  which  was  most 
essential,  to  place  between  the  edge  and  the  handle  the  distance  appro- 
priate for  the  use  of  the  implement.  The  intermediate  pieces  which  I 
nsed  were  of  elm  or  beech  U.12  to  0.13  meter  {4J  to  5  inches)  long,0.4  to  0.5 
meter  (16to20  inches)  wide,  and  0.3  toU.4nieter  thick.  These  were  split 
atone  end  toinsert the  blade, and  the  interstices  were  filled  with  a  kind 
of  pitch  used  by  saddlers.  After  having  wrapped  with  apiece  of  leather 
thetwo  sides  of  the  blade  which  protruded  beyond  the  cleft:,  this  was 
tightly  bound  with  cord.  The  other  end  of  the  intermediate  piece  was 
rounded  and  slightly  pointed  so  as  to  be  more  easily  introduced  into 
the  corresponding  hole  in  the  handle.  This  hole  was  bored  obliquely 
in  the  middle  of  the  thickest  part  of  the  handle,  in  snch  a  way  that  the 
blade  formed  an  obtuse  angle  with  the  upper  extremity  of  the  handle. 
This  arrangement  was  found  to  be  necessary,  for  otherwise  it  would 
not  have  been  the  middle  of  the  edge  which  struck  the  tree  bat  the 
outer  corner;  that  is  to  say,  the  one  fitrthest  from  the  hand.  This 
point  would  have  soon  been  probably  broken,  which  would  not  be  the 
case  when  the  edge  was  properly  set  in  an  obliqae  position.  Tliis  solid 
halting  was  like  those  nsed  in  Denmark  in  primitive  times,  and  the 
dowel  of  wood  in  which  is  set  a  blade  fottnd  in  the  fiords  of  Kolding 
and  represented  on  page  392  of  the  memoir  of  S.  Mtiller,  served  as 
an  intermediate  piece. 

With  these  blades  thus  hafted  I  have  executed  the  works  here  de- 
scribed on  green  pine,  not  that  the  kind  of  wood  plays  an  important 
part  in  these  experiments,  for  it  is  to  be  supposed  that  blades  cutting 
one  kind  will  do  as  much  on  all  other  kinds  of  the  same  hardness;  but 
as  most  of  the  forestsof  Denmark  during  the  stone  age  consisted  nearly 
exclusively  of  pines,  as  Prof.  Stecnstrnp  has  demonstrated,  I  have  made 
my  investigations  on  the  Pinus  silvestris  of  different  sizes  cut  down  in 
the  woods  of  Frijsenborg  in  the  beginning  of  January,  and  I  have  con> 
tinned  them  from  the  27th  to  the  31st  of  the  same  month. 

I.  A  stick  of  pine  wood  ii.0555  meter  in  diameter,  which  was  fixed  per- 
pendicularly on  a  work-bench,  was  cut  in  two  in  three-quarters  of  a 
minute;  it  did  not  break  off  until  it  had  been  reduced  to  0.007  meter 
in  diameter;  the  severed  piece  was  sharpened  like  a  pile. 

II.  Another  stick,  0.1225  meter  in  diameter,  placed  in  the  same  posi- 
tion was  cut  in  ten  minut«s.  It  was  broken  ofi'  by  force  when  it  was  not 
more  than  0.03  meter  in  diameter. 

III.  A  stick  placed  in  the  same  position  was  cat  in  eighteen  minutes; 
it  broke  off  when  it  was  CO.^  meter.  It  was  necessary  to  strike  1,578 
blows  to  do  the  work.  At  the  1,485th  strike  a  little  ft^gment  separated 
itself  from  the  edge.    Even  at  the  beginning  the  edgestruck  accidentally 
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on  a  piece  of  iron  vrhicli  made  it  hoand,  and  caused  a  small  frofmeot 
0.03  meter  long  and  0.003  meter  thick  to  fly  off  one  of  the  corners 
Tritbout  diminishing  the  shnrpuesB  of  the  axe. 

These  three  experiments  were  made  with  the  same  blade,  0.075 
meter  long,  of  gray  flint,  of  vhich  the  edge,  a  little  concave,  «ae 
0.065  meter  in  width.  At  one  of  the  corners  of  this  some  chips  were 
wanting,  having  been  broken  off  before  the  experiment.  It  was  other- 
wise in  a  good  condition,  and  very  sliarp,  only  having  serrations  here 
and  there.  The  ahorter  of  the  beveled  faces  is  a  little  carved  and 
this  made  the  blade  slij^htly  convex.  The  Hcarfs  produced  by  the  cut- 
ting were  perfet^tly  regular  and  exact,  and  the  surfiac«,  left  by  tin 
removal  of  the  chips  would  have  been  also  quite  smooth  if  the  sem- 
tioiis  of  the  edge  had  not  left  some  inequalities. 

IV.  In  striking  some  blows  on  a  pine  pole,  dry  and  not  planed,  0.03 
meter  thickness,  I  have  proveil  that  the  same  blade  would  quite  as 
well  cut  harder  wood. 

It  would  have  been  naturally  much  easier  to  fell  a  sapling  standing 
than  to  cut  the  blocks  lised  on  a  stand,  for  the  wood  yielded  in  a  mao- 
ner  to  compress  the  fibers  in  one  way  and  expand  them  in  the  other; 
the  blows  penetrated  better  in  the  latter  case. 

y.  A  log  of  pine  0.13  meter  in  diameter,  fixed  on  a  table,  was  cut  in 
eight  minutes  with  the  ax.  It  is  a  blade  of  gray  flint  0.07  meter  long, 
of  which  the  convex  and  uneven  edge  is  0.067S  meter  wide.  Before  tbe 
experiment  the  edge  was  a  little  damaged  in  the  middle  and  did  not 
work  as  well.  Tbe  chips  were  short  and  the  incisions  uneven.  The 
part  separated  from  the  log  which  was  pointed  with  the  ax  used  in  the 
first  three  experiments,  shows  tbe  surfaces  equal  and  nearly  polished. 

VI.  One  of  the  logs  had  the  knots  which  I  had  succeeded  in  avoid- 
ing in  the  preceding  experiments.  With  a  blade  whose  edge  was 
extraordinarily  straight  and  regular,  but  a  little  thick  (tbe  bevelled 
parts  show  an  angle  of  inclination  of  45°),  I  cut  with  the  greattat 
ease  these  knots,  of  which  the  largest  was  0.03  meter  in  diameter, 
without  any  marks  thereof  appearing  on  the  edge.  The  thickness 
of  this  ax,  on  the  contrary,  makes  it  cut  with  less  facility  into 
wood  soft  and  without  knotj^.  To  ascertain  the  limits  of  resistance  in 
this  blade,  I  struck  with  nil  my  force,  almost  perpeodicnlarly,  a  large 
knot  remaining  on  a  branch  cut  on  the  stump.  The  branch  was  stand- 
ing horizontally.  The  edge  penetrated  in  the  knot  0.01  meter,  but  tbe 
same  time  tbe  ax  split,  and  the  tliick  fragment  broke  off  about  a  third 
of  the  edge  and  all  tbe  narrow  face  of  the  ax,  which  came  off  from  tbs 
bead. 

VII.  The  experiment  showed  to  me  that  the  little  blades  could  per- 
fectly take  the  place  of  chisels. 

VIII.  With  the  same  instruments  used  as  chisels  I  shaped  two  lop 
to  mortise  and  tenon.    All  tbe  logs  of  the  experiment  were  still  covered 
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These  experiments  clearly  ahoTed  me  witli  what  astonisliiiig  easi- 
ness and  relative  rapidity  the  pine  could  be  felled  with  these  blades. 
With  the  primitive  implements  one  is  able,  not  only  to  cat  large  trees, 
bnt  to  perform  the  work  of  leas  complicated  carpentry,  without  the 
CDtting  edge  becoming  very  readily  deteriorated.  If  one  considers,  in 
addition,  that  the  carpenters  of  antiquity  were  particularly  skillful  and 
clever  in  the  use  of  blades,  one  can  with  reason  now  consider  that  these 
were  nsed  as  "edged  tools,"  and  the  experiments  here  described  have 
convinced  me  that  the  large  blades  were  employed  as  axes. 


itized  by  Google 


L,  Google 
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•By  D.  J.  Magowan,  M.  I>. 


According  to  the  Shu-king,  we  find  that  forty-five  centuries  ago  the 
Chinese  had  occupied  themselves  with  the  construction  of  astronomical 
indtrnments  analogous  to  the  ([uadrant  and  armillary  sphere;  the 
observations  they  made  with  them,  even  at  that  remote  period,  are 
remarkable  for  their  accuracy,  enabling  them  to  form  a  useful  calendar. 
The  present  sexagenary  cycle  was  adopted  b,  c.  2636,  by  Hwangti,  to 
whom  is  attributed  the  invention  of  the  clepsydra.  The  instrument  at 
that  period  was  probably  very  rude,  used  principally  for  ostroDomical 
purposes  iu  the  same  manner  as  employed  by  Tycho  Brahe  for  measnr- 
ing  the  motion  of  stars,  and  subsequently  by  Dudelz  in  making  mari- 
time observations.  It  was  committed  to  the  care  of  an  ofQcer  styled 
the  elepsydra  adjaster. 

Duke  Chan,  the  alleged  inventor  of  the  compass,  about  b.  o.  1130, 
appears  also  to  havd  been  the  first  to  employ  the  clepsydra  as  a  time- 
piece. He  divided  the  fioating  index  into  one  liiindred  kik,  or  parts. 
In  winter  forty  kth  were  allotted  for  the  day  and  sixty  for  the  night; 
in  summer  this  was  reverseil,  the  spring  and  autnm  being  equally 
divided.  This  instrument  was  provided  with  forty-eight  indices,  two 
for  each  of  the  tweuly-fonr  t^iek,  or  terms  of  the  year.  They  were  con- 
sequently changed  semi-monthly,  one  index  being  employed  for  the  day 
and  another  for  the  night.  Two  were  employed  every  day,  probably  to 
remedy  in  a  measure  the  defect  ofall  clepsydras,  t.  e.,  of  varying  in  the 
speed  of  their  rise  and  fall,  according  to  the  ever-varjing  quantity  of 
water  in  the  vessel,  which  might  be  done  by  having  the  indices  differ- 
ently divided.  To  keep  the  water  ftvm  freezing,  the  instniment  was 
connected  with  a  fuma4:e,  and  surrounded  with  hot  water.  The  forms 
of  the  apparatus^ave  been  various,  but  they  generally  consisted  of  an 
upper  and  a  lower  copper  vessel,  the  former  having  an  aperture  in  the 
bottom  through  wliich  water  percolated  into  the  latter,  where  floated 
an  index,  the  gradual  rise  of  which  indicateil  successive  periods  of  time. 


•fc'rom  Chiittte  Eepotitory,  July,  1851. 
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In  some  this  was  reversed,  tlie  float  being  ma4e  to  mark  time  by  its  blL 
A  t>ortable  one  was  sometimes  employed  ia  ancient  times  on  horseback. 

Instruments  constructed  on  the  same  principles  were  in  use  amongst 
the  Chaldeans  and  Egyptians  at  an  early  period;  that  of  Gtesibins  of 
Alexandria  being  an  improvement  over  those  of  more  ancient  times. 
The  invention  in  Western  Asia  was  doubtless  independent  of  that  in 
Eastern,  both  being  the  result  of  similar  wants.  Clepsydras  were  sub- 
sequently formed  of  a  saccessiou  of  vessels  commouicating  by  tabes 
passing  through  figures  of  dragons  and  other  images,  which  were  tcd- 
dered  still  more  ornamental  by  the  indices  being  held  in  the  hands  of 
genii.  The  earliest  application  of  motion  to  the  clepsydra  appears  to 
have  been  in  the  reign  of  Shunti  A.  D.  126-145,  by  Tsiang-hung,  who 
constructed  a  sort  of  orrery  representing  the  apparent  motion  of  the 
heavenly  bodies  around  the  earth,  which  was  kept  in  motion  by 
droppuig  water.  There  is  also  a  reference  to  an  instrument  of  this 
description  in  the  third  century. 

In  the  sixth  century  an  instrument  was  in  use  which  indicated  the 
course  of  time  by  the  weight  of  water,  as  it  gradually  came  from  tbe 
beak  of  a  bird,  and  was  received  in  a  vessel  ou  a  balance,  every  ponud 
representing  a  kih.  About  this  time  mercury  began  to  be  employed  in 
clepsydras  instead  of  water,  which  rendered  the  aid  of  heat  in  winter 
nnuecessary.  Changes  were  made  also  in  the  relative  number  of  kA 
for  day  and  night,  so  as  to  vary  with  the  seasons  as  in  Europe.  Monks 
of  the  Bomish  Church  devoted  considerable  attention  to  the  constnic- 
tion  of  instruments  for  measuring  time;  in  like  manner  also,  Budhist 
monks  in  their  silent  retreats,  but  at  an  earlier  period,  similarly  occu- 
pied themselves.  Several  coutrivant^es  to  measure  time  are  mentioned 
ill  Chinese  history  as  the  invention  of  priests.  One  was  a  perforated 
copper  vessel,  placed  in  a  tnb  of  water,  which  gradually  filled  and  stmk 
every  hour ;  such  a  rude  machine  required  of  course  constant  attention. 

Although  their  knowledge  of  hydro-dynamics  is  limited,  the  Cliiaese 
appear  to  have  been  the  first  to  invent  the  form  of  clepsydra  to  which 
the  term  water  clock  is  alone  properly  applied — that  is  to  say,  an  appar- 
atus which  rendered  watching  unnecessary  by  striking  the  hours. 
Until  the  beginning  of  the  eighth  century  the  persons  employed  to 
watch  the  clepsydra  in  palaces  and  public  places  struck  bells  or  dnuns 
at  every  kih,  but  at  this  period  a  clock  was  constructed,  consisting  of 
four  vessels,  with  miu;hinery  which  caused  a  drum  to  be  struck  by  day 
and  a  bell  by  night,  to  indicate  the  hours  and  watches.  No  descrip 
tion  of  the  works  of  this  interesting  invention  can  be  found.  It  is  pos- 
sible however  that  the  Saracens  may  have  anticipated  the  Chines  in 
the  invention  of  water  clocks.  In  the  History  of  the  Tang  Dynasty  it 
is  stated  that  in  the  FuhUn  country  (which  in  this  instance  doubtless 
means  Persia,  though  the  geographer  Sii  makes  it  Jnilea),  there  iaa 
clepsydra  on  a  terrace  near  the  palace  formed  of  a  balance  which  con- 
tained twelve  metallic  balls,  one  of  which  fell  every  bom*,  on  a  b^l,  and 
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lliuH  titruck  the  hours  correctly.  It  is  not  improbable  that  this  iostru- 
Dient  is  identica]  with  thecelebrated  one  which  the  Kiii^rof  Persia  sent 
in  the  year  807  to  Charlemagne. 

In  980  an  astronomer  named  Tsiang  made  an  improvement  on  all 
former  inHtrtunents,  and  considering  the  period  it  was  a  remarkable 
specimen  of  art.  The  machine  was  arranged  in  a  Kort  of  miuatare  ter- 
race, ten  feet  high,  and  was  divided  into  three  sturies.  tlie  Avorks  being 
ill  the  middle.  Twelve  images  of  men,  one  for  every  boar,  ap|>e»redin 
turn  before  an  opening  in  the  terrace.  Another  ttetof  antomata  struck 
tlie  twelve  hours  and  the  eighths  of  snch  hours.  These  Hgures  ot-cu- 
|)ied  the  lower  story.  The  upper  story  was  devoted  to  astronomy, 
vherc  there  was  an  orrery  in  motion,  which  it  is  obvious  must  have 
renilered  very  complex  machinery  necessary.  We  are  only  told  that 
it  hiid  oblique,  perpendicular,  and  horizontal  wheels,  and  that  it  was 
kept  in  motion  by  falling  water.  As  the  Arabs  had  readied  (Jhina  by 
sea  at  the  close  of  the  eightli  century,  and  by  land  at  an  earlier  period, 
some  assistantre  may  have  been  derived  from  theiii  in  the  construction 
of  this  instrument,  but  lam  disposetl  to  consider  it  wholly  Chinese. 
Bei^kmaitn,  after  much  learned  resean^h,  ascribes  the  invention  of  clocks 
to  the  Saracens,  and  the  ilrst  api>earance  of  their  instruments  in 
Enroi>e  to  the  eleventh  century. 

Meiitiun  may  here  be  made  of  other  time-keeping  instrnnients  of  the 
Slime  des<;riptiou,  also  constructed  about  this  iieriod.  One,  which 
like  the  last  united  an  orrery  and  clepsydra,  was  formed  iu  one  j>art 
like  a  water  lily,  whilst  in  another  were  images  of  a  dragon,  a  tiger,  a 
bird,  nuil  a  toi-totse,  which  struck  the  kih  on  a  drum,  and  a  dozen 
(iiippets  which  struck  hours  on  a  bell,  with  various  other  motions, 
besides  »  representation  of  the  revolutions  of  the  heavenly  bodies.  The 
iDachiiiery  of  another  of  these  wan  moved  by  an  undershot  water- 
wheel,  its  axis  was  even  with  the  surface  of  the  gnmnd,  and  conse- 
quently the  frame  <'(nitaiiiing  it  was  partly  behtw  the  surfwe.  The 
motions  of  the  sun  and  moon,  stars  and  planets,  were  made  to  revolve 
from  east  to  west  aronnd  a  tignre  of  the  tiarth,  repres(;nt«d  as  a  plain. 
Images  of  men  struck  the  hour  anU  its  parts.  In  this,  as  in  all  the 
above-named  instruments,  the  number  of  strokes  was  doubtless  always 
the  same,  as  Chinese  do  not  count  but  name  the  hours. 

Another  machine  was  contrived  which  also  represented  the  motion 
of  the  heavenly  bodies.  It  was  a  huge  hollow  globe,  pcrfoi'ated  on  its 
8uriiH;e  so  as  t»  afford,  when  liglite<{  up,  a  gcH»d  rcpi-esentation  of  the 
sky  ill  the  dark.  This  also  was  set  in  motion  by  ^tiling  wuti^r.  Kab- 
sequent  to  this  various  machines  are  mentioned,  but  the  brief  iioti<-es 
given  afford  nothing  of  interest  until  we  approach  the  close  of  the 
Yuen  dynasty.  Shuii-taing  (a.  n.  l.'(30-'60),  the  last  emperor  of  the 
Mongol  race,  described  iu  history  as  an  effeminate  prince  with  the 
physiognomy  of  a  monkey,  was  evidently  a  man  of  great  ineclianical. 
skill,  and  to  the  last  amused  himself  by  making  models  of  veiyifl^l'' 
H.  Mis.  ;m,  pt.  1 3!t 
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automata,  and  timepieces.  His  chief  work  was  a  machine  contained 
ID  a  box  7  feet  high  and  'S^  wide,  with  three  small  temples  on  top. 
The  middle  of  these  temples  ha<l  fairies  holdiug  horary  characters,  one 
of  which  made  her  api>earance  every  hour.  Time  was  stmckby  a  couple 
of  gods,  and  it  is  said  they  kept  it  very  accurately.  In  the  side  temples 
were  representatioDS  of  the  siin  and  moon  respectively,  aad  from  tbeee 
places  genii  issued,  crossing  a  bridge  to  the  middle  temple,  and  after 
ascertaining,  as  it  were,  thu  time  of  day  from  the  fiiiries,  retnming 
j^aiu  to  their  quarters.  It  is  thought  the  motions  were  in  this  case 
effected  by  springs.  An  instrument  somewhat  similar  is  described  as 
beiug  ill  the  capital  at  Corea;  it  was  a  clepsydra,  with  springs  repre- 
senting the  motions  of  the  celestial  orbs,  and  having  automata  to  Btrike 
the  hour.  Since  the  introduction  of  European  clocks,  clepsydrae  have 
fallen  into  disuse.  The  only  one  perhaps  in  the  empire  is  thatina 
watchtower  in  the  city  of  Canton.*     It  is  of  the  simplest  form,  haviug 


*  This  olepsydra  ia  round  on  top  of  a,  gateway  calleil  ^hwang-muu  ti,  standiug  id 
tbe  street  called  HiUDg  cbia  fang,  leailiog  uortli  rrom  the  great  South  Gal«  to  tbi 
Paching  az'  office.  Thia  street,  or  aveune,  is  more  than  50  feet  vide,  andlhit  doable 
gateway  crosses  the  utreet  in  ita  widest  part  like  Temple  Bar  in  London,  eaib  pu- 
sage  being  about  20feot  acroBs.  Tbestnii^tiireisvery  atrgngly  bnilt,  and  isancendtd 
by  stone  stops  on  the  outside;  on  the  top  is  a  two-storied  red  loft,  called  Kimg-pek 
Ian,  the  upper  etory  of  whicli  aerves  im  a  repositorj'  for  the  blocks  nied  intht 
printing  office  in  the  lower  Htory  From  this  printing  office  are  isaaed  statittial 
And  other  official  works,  uDder  the  direction  of  tbe  Pucbiug  hz'.  In  the  middle  nil 
isavanlt,  and  the  groand  aoonds hollow  miilerueath.  Thestatisticaof  Kwangehu 
fu  (Canton)  gives  tbe  following  notices  of  thu  edifice:  "The  Kung-peh  Ian  lin 
south  of  the  Puchingsz'  office,  and  wascalled  theTsingbai  Ian  in  the  Tang dyu««Q; 
it  stowl  between  two  hilts,  which  Sin  Hieu  levelled,  and  there  erected  a  doable 
stone  gateway.  The  General  Sz'ma  Kih  in  a.  ».  1100,  re-built  it,  aud  called  it  lb« 
Doable  Gateway ;  it  was  d<-Hti'oyed  uboat  1350,  and  ro-built  as  before  by  Hungwo  tn 
1380,  and  again  repaired  in  1654  by  Shuuchi,  and  by  Kanghi  iu  I68T.  On  the  Uip'a 
a  clepsydra,  which  the  officer  Chin  Yungho  made  in  1315,  dnring  the  reign  of 
JintsuDg." 

The  clepsydra  is  called  the  liing-va-lih-laH,  i,  c,  copper  Jar  dropper,  and  iaplwod 
iu  a  separate  room,  under  the  supervision  of  a  man  who,  besides  liis  stipend  tni 
pen|uisites,  obtains  a  livelihood  by  selling  tinie-sticlcH.  There  are  four  ooTcml 
copper  jars  standing  uu  a  brickwork  stairway,  the  top  of  each  of  which  is  Itnl 
with  the  bottom  of  thu  one  above  it;  the  largest  measures  23  iucbes  high  and  brosd. 
and  contains  TO  catties,  or  97)  pints  of  water;  the  second  is  22  inches  high  SDd  21 
inches  bi'oad;  tho  third  is  SI  inches  high,  and  20  inches  broad;  and  tbe  lownl 
23  iDclies  high  and  10  inches  broad.  Each  in  connected  with  the  other  by  sti  opes 
trough,  along  which  the  water  trickles.  The  woo<)en  index  in  the  lowest  jar  it  wl 
every  morning  and  aftenioou  at  5  o'clock,  by  placing  the  mark  ou  it  for  these  boon 
even  with  the  cover,  through  which  it  rises  and  indicates  the  time.  The  water  ii 
dipped  out  and  poured  back  into  the  top  jar  when  the  index  shows  the  eooipletiwi 
of  the  linir  diiy ;  and  the  water  is  renewed  every  quarter.  Two  large  dmnu  »U»il 
in  the  room,  on  wliic.h  the  watchnu-n  striki!  the  walchos  during  the  night.  Probsblj 
a  ruder  eonlrivanco  to  divid'' time  cuii  hiirdly  lie  found  the  world  over,  and  if  it 
was  not  fiir  the  clocks  and  wati-bi's  everywhere  in  use,  whirli  easily  rwtifr  * 
iiinociirneies,  tli<-  CantoneM-  wiiiild  soon  bo  grcHtly  beliindhand  in  their  rcckoiuif- 
Bo  far  HH  they  had  to  <luju'ud  on  this  i^lepsydra  iind  the  timi^stieks  whirh  arr  btinl 
tu  regiiliiti-  it.— Kilitor  Chinfse  llipotitiirg  (.Inly,  IdOl). 
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no  moveiiieuts  uf  aiiy  kiud,  but  it  is  said  to  keep  accurate  time.  The 
GIuiie»e  automata  80  much  admired,  are  in  their  iiiterual  8tru<'ture  imi- 
tations of  foreign  articles. 

In  diaUiug  the  Chinese  have  never  a^^'coniplished  anything,  being  de- 
ficient in  the  re(|uiHit«  knowledge  of  ustrouomy  and  mathematics.  It 
is  true  the  projection  of  the  shadow  of  the  gnomon  was  carelully  ob- 
served at  an  early  historic  i»eriod  for  astronomical  pnrposes.  Proper 
sou-dials  were  unqnestionably  derived  from  the  West;  but  they  were 
not  iotrodaced,  as  Sir  John  Davis  supposes,  by  the  Jesuits.  The  Chi- 
nese are  probably  indebted  to  the  Mohaounedans  for  this  instrument, 
although  we  find  an  astronomer  endeavoring  to  rectify  the  ele]>sydra 
by  means  of  the  sun's  shadow,  projected  by  a  gnomon,  about  a  century 
earlier  than  the  Hejira.  Tliere  is  one  in  the  Imperial  Observatory  at 
Peking  more  than  4  feet  in  diameter.  Smaller  ones  are  sometimes  met 
with  in  public  offices,  all  made  under  the  direction  of  Bomish  miasiou- 
aries  or  their  pupils. 

From  remote  antiquity  a  family  named  Wang,  residing  in  Hiu-ning- 
hien  (latitude  29^  53'  N.,  longitude  II80  17'  li.)  in  the  province  of 
Xganhwui,  has  had  the  exclusive  manufacture  of  iM>ckct  compasses, 
with  which  Hun-dials  are  often  connected.  In  most  of  these  a  thread 
attached  to  the  lid  of  the  instrument  serves  as  a  gnomon  without  any 
adaptation  for  different  latitudes,  although  they  are  in  use  in  every 
part  of  the  empire.  Another  form,  rather  less  rude,  used  by  clock- 
makers  for  adjusting  their  timepieces,  is  marked  with  notches,  one  for 
each  month  of  the  year,  to  give  the  gnomon  a  different  angle  every 
month.  The  one  used  by  the  Japanese  exceeds  that  made  in  China  iu 
every  respect. 

Time  ia  often  kept  with  tolerable  accuracy  iu  shops  and  temples  by 
burning  incense  sticks  made  of  sawdust,  eurefully,  but  slightly,  mixed 
with  glue,  and  evenly  rolled  into  cylinders  two  f(-et  long,  and  divided 
off  iuto  hours.  When  lighted,  they  gradually  consume  away  without 
flame,  burning  up  in  half  a  day.  Hour-glasses  are  s<'arcely  known  in 
China,  and  only  mentioned  in  dictionaries  as  in.strmuents  employed  in 
western  countries  to  measure  time.  A  native  writer  on  antiquities 
says  the  western  priest,  hi  Ma-tan  (M.  Kicci),  made  a  clock  which  re- 
volved and  struck  time  a  whole  year  without  error.  The  clock  brought 
oat  by  Ki(^i,  if  not  the  first  seen  in  China,  is  the  earliest  of  which  men- 
tion is  made  in  Chinese  history.  This  subsequently  became  an  article 
of  import,  and  this  branch  of  tnulc  has  for  a  long  time  be<-u,  and  is 
still,  of  considerable  value.  Clocks  and  watches  of  very  antique  ap- 
pearance arc  otten  met  with,  specimens  of  the  original  models  scarcely 
to  be  found  in  any  other  country.  Some  of  the  latt^-r,  by  their  clumsy 
figure,  remind  one  of  their  ancient  name,  "  Nuremburg  eggs,"  but  their 
workmanship  must  have  l>een  superior  to  that  of  most  modern  ones,  or 
they  would  not  be  found  in  oi>ei'ation  at  tliis  late  dav.  ,  ~  , 
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The  GhiDese  most  have  commenced  clocb-makiDg  at  an  early  period. 
for  no  one  now  engaged  in  the  trade  can  tell  me  when  or  where  it  origi- 
nated, nor  can  it  be  easily  ascertained  whether  their  imitative  powers 
alone  enabled  them  to  engage  in  such  a  craft,  or  whether  they  are  In- 
debted to  the  Jesuits  for  what  skill  they  possess.  It  is  certain  that 
the  disciples  of  Loyola  had  for  a  long  time,  and  until  quite  recently  in 
their  corps  at  Peking,  some  who  were  machinists  and  watch-makers 
One  of  these  hcrologista  complains  in  Leg  Lettres  Edifiantes  that  bis. 
time  was  so  much  occupied  with  mending  the  watches  of  the  grandees 
that  he  had  never  been  able  to  study  the  language.  Doubtless  the 
fashion  which  Chinese  gentlemen  have  of  carrylnga conple of  watehea, 
which  they  are  anxious  should  always  harmonize,  gave  the  man  con- 
stant employment.  A  retired  statesman  of  this  province  has  published 
a  very  good  account  of  clocks  and  watches,  accompanied  with  drav- 
ings  representing  their  internal  structure  in  a  manner  snfficiently  io- 
teUigible.  The  Chinese  divide  the  whole  day  into  twelve  parts,  which 
are  not  numbered,  but  each  one  is  designated  by  a  character,  termed 
horary.  These  characters  were  originally  employed  in  forming  the 
nomenclature  of  the  sexagenary  cycle,  which  is  still  in  common  nse. 
It  was  not  nntil  a  much  later  period  that  the  duodecimal  division  of 
the  civil  day  came  into  use,  when  terms  to  express  them  were  bor- 
rowed from  the  ancient  calendar.  The  same  characters  are  also  aih 
plied  to  the  months.  The  first  in  the  IiHt,  tsz'  son,  is  employed  at  the 
commencement  of  every  cycle,  and  to  the  first  of  every  period  of  twel?B 
years,  and  also  to  the  commencement  of  the  civil  day,  at  11  p.  m.,  com- 
prising the  period  between  this  and  1  A.  M.  The  month  which  is  des- 
ignated by  this  term  is  not  the  first  of  the  Chinese  yeai\  and  singa- 
larly  enough  coincides  with  January.  Each  of  the  twelve  hours  is 
divided  into  A:tft,  answering  to  aquarter  of  an  hour.  This  diurnal  din- 
sion  of  time  does  not  appear  to  have  been  in  nse  in  the  time  of  Confii- 
cius,  as  mentiou  is  made  in  the  spring  and  autumn  annals  of  the  teD 
hours  of  the  day,  which  accords  with  the  decimal  divisions  so  long 
employed  in  clepsydras,  the  indices  of  which  were  uniformly  divided 
into  one  hundred  parts.  A  commentator  in  the  third  century  of  our 
era,  explaining  the  passage  relating  to  tbe  ten  hoiu-s,  adds  a  couple  of 
hours,  but  even  at  that  time  the  present  horary  characters  were  not 
employed. 
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NAVAJO  DYE  STITPF9  ■ 


By  Dr.  Washikgton  Matthews,  U.  8.  Army. 


The  art  of  weaviDg  amoDg  tlie  Navajo  Indians  of  New  Mexico  and 
Arizona  is  of  alxiriginal  origin.  Ttiey  probably  learned  tlie  art  from 
the  ancient  Pueblo  Indians.  No  native  tribe  has  carried  it  to  sncliper- 
fectiou  tior  in  any  hna  Enropean  influence  had  less  effe4;t. 

Material  for  fabrics. — Cotton  which  grows  well  in  New  Mexico  and 
Arizona,  the  tongb  fibers  of  yuccA  leavc-sand  the  flbers  of  other  plants, 
the  hair  of  different  <]uadrui)edH,  and  the  down  of  birds  fomished  in 
prehistoric  days  the  materials  of  textile  fabrics  in  this  country.  While 
some  of  the  Pueblos  still  weave  their  native  cotton  to  a  slight  extent, 
the  Navajos  grow  no  cotton  an<l  spin  nothing  \)it  the  wool  of  the 
domestic  sheep,  of  Spanish  introduction,  and  of  which  the  Nayajos 
have  vast  herds.  The  wool  w  not  washed  until  it  Ik  ^beared.  It  is 
comhe<l  with  hand  combs  ]>urchased  from  the  Americans.  In  spin- 
ning, the  simplest  form  of  the  spindle,  a  slender  stick  thrust  through 
the  center  of  a  round  wooden  disk,  is  used.  The  Mexicans  on  the  Eio 
Grande  use  spinning  wheels,  and  although  the  Navajos  have  some  of 
their  own,  and  have  abundant  opportunities  for  baying  or  stealing 
them,  and  possess,  1  think,  sufBcient  ingenuity  to  make  them,  they 
have  never  abandoned  tht;  rude  intplement  of  their  ancestors.  The 
NaTajo  method  of  handling  the  spindle  is  difl'erent  from  that  of  the 
people  of  Zniii. 

The  Nav^os  still  employ,  to  a  great  extent,  their  native  dyes;  of 
yellow,  reddish,  and  black.  There  is  good  evidence  that  they  formerly 
had  a  bine  dye;  hut  indigo,  originally  introduced,  I  think,  by  the 
Mexicans,  has  superseded  this. 

Specimen  No.  1,  Catalogue  No.  153348,  is  wool  dyed  blue  with  indigo, 
the  mordant  being  urine.  If  they  in  former  days  had  a  native  blue 
and  a  native  yeUow,  they  must  also,  of  courHC,  have  had  a  green,  and 
they  now  make  green  of  their  native  yellow  and  indigo,  the  latter  be- 
ing the  only  imported  dye-stuff  I  have  ever  seen  in  use  among  them. 
Besides  the  hues  above  indicated,  the  people  have  had,  ever  since  the 
introdnction  of  sheep,  wool  of  tliree  natural  colors — white,  rusty  black, 

'  "N'ftvajoWeaviTS:"  Third  Attnual  Report,  llarrauo/  Klhuulogs,  IKSl-'Sa,,^)'?^^!' 
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SOME  OF  THE  POSSIBILITIES  OF  EOOXOMIC  BOTANY.* 


By  Oeorge  Lincoln  (;o<idale. 


The  subject  which  I  have  selected  for  the  valedictory  address  deak 
with  certaia  industrial,  cotiimereial,  and  economic  questions:  neverthe- 
less its  lies  wholly  within  the  domain  of  botany.  I  iovite  you  to  ex- 
amine with  me  some  of  the  poHSibiUtieH  of  economic  botany. 

Of  course,  when  treating  a  topic  which  is  so  largely  sijeculative  as 
this,  it  is  dilScult  and  unwise  to  draw  a  hard  and  fast  line  between 
possibilities  and  probabilities.  Nowjidays  possibilities  are  so  often 
realized  rapidly  that  they  become  accomplished  faets  before  we  are 
aware. 

In  asking  what  are  the  possibilities  that  other  plants  than  those  we 
now  use  may  be  utiliaed  we  enter  upon  a  many-sided  inquiry .t  Specu- 
lation is  rife  as  to  the  comin^i;  man.  May  we  not  ask  what  plants  the 
coming  man  will  use! 

There  is  an  enormous  disproportion  between  the  total  number  of 
species  of  plants  known  to  botanical  science  and  the  number  of  those 
which  are  employed  by  man. 

The  8i)ecies  of  flowering  plants  already  described  and  named  are  about 
107,000.  Acquisitions  from  unexplored  or  imperfectly  explored  regions 
may  increase  the  aggregate  perhaps  one-tenth,  so  that  we  are  within 

*  Presidential  address  delivered  t>el'ori:  the  Ameriusu  Assaciatjon  for  the  Advance- 
ment of  Science,  at  Waeliingtim,  August,  1891,  freu  the  Freceedingi  Am.  Atioc.  Adv. 
Set.,  1891,  vol.  XL,  pp.  1-36;  iileo,  lAe  Atavricaa  Jonrnai  of  Science,  October,  1S91,  vol. 
xui,  pp.  273-303. 

I  The  following  are  amoiiK  tho  more  iiaeriil  workn  of  af^neral  obaructer,  ilealiug 
witb  the  subject.  Otbers  are  referred  to  either  in  the  text  or  Qotei.  The  reader 
may  coDsnlt  alBo  the  list  of  works  on  Economic  lintany  in  the  calalOKUO  published 
by  the  Linniean  Society : 

Setrct  ExIra-lTopical  i'lanli,  readily  eligible  fur  industrial  culture  or  naturaliza- 
tion, with  iudications  of  their  native  cnantriee  nud  some  of  tbeir  uses.  Ity  Baron 
Fr«l.  von  Mueller,  K.  C".  M.  O.,  F.  E.  S.,  etc..  Government  liotauiat  for  Victoria. 
(Mel1)UDme),  1888.  Keveuth  edition,  rwised  and  enlarged.  At  the  close  of  bis 
tT^atisi>  on  industrial  pliints,  Baron  von  Mnellur  hns  gronped  the  genera  indicHting 
the  difTrreat  oloHses  of  UHsfiil  prodncts  in  such  a  manner  that  we  can  ascertain  the 
reapective  nombers  belonging  to  the  genera.    Of  course  many  ol  these  gi 
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very  safe  limit.s  iu  taking  thfi  number  of  existinff  spw^i^'s  to  be  some- 
what above  110,000." 

Now  if  weshonld  makeacompreheusiveliBtofalttlielloweriDgpIaDte 
nliich  are  cultivated  ou  what  we  may  call  a  fairly  large  scale  at  tbe 
present  day,  placing  therein  all  foodt  and  forage  plants,  all  those  vbicb 
are  grown  for  timber  and  cabinet  woods,  for  fibers  and  cordage,  for 
tanning  material)^,  dyes,  resins,  rubber,  gams,  oils,  perfumes,  and  medi- 
cines, we  conid  bring  together  barely  300  species.  If  we  should  add 
to  this  short  catalogue  all  the  species  which  without  cnltivBtion 
can  be  nsed  by  man,  we  should  find  it  considerably  lengthened.  A 
great  many  pnxlucts  of  the  classes  just  referred  to  are  derived  in 
commerce  from  wild  plants,  but  exactly  how  macb  their  addition  wonld 
extend  the  list  it  is  impossible,  in  the  present  state  of  knowledge,  to 
determine.  Every  enumeration  of  this  character  is  likely  to  contain 
errors  from  two  sources:  First,  it  wonld  be  sure  to  contain  some 
fll>ecies  which  have  ontUved  their  real  nsefntness;  and,  secondly,  owing 
to  the  chaotic  condition  of  the  literature  of  the  subject,  omissions  would 
occur. 

But,  after  all  proper  exclusions  and  additions  have  been  made,  the 
total  number  of  species  of  flowering  plants  utilized  to  any  considerable 
extent  by  man  in  his  civilized  state  does  not  exceeil,  in  fact  it  does  not 
quite  reach,  1  per  cent. 

in  more  than  one  category.  Hu  hoa  also  arrnnged  tbe  pluits  acoording  to  the  mod- 
trien  natarally  prediicing  Ihem. 

Unefitl  Xatire  Plants  of  Auitralia  (inclnding  TaamaDia).  Bv  J.  H.  Haideo,  F.L.Sm 
Curator  of  the  Technological  Muaenm  of  New  Sonth  Walee,  Sydney.    Sydney,  I8SI. 

See  nlso  note  19. 

Handbook  of  Comnereial  Gtograpkg.  By  Ooorge  O.  Chlsbolm,  H.  A.,  B.  So.  Lm- 
(lon,  1889. 

A'eu  Conmerdal  PUtnlt,  with  directions  how  to  grow  them  to  the  best  advantap. 
By  Thomas  Christy.    Loudoa,  Christy  &,  Co. 

i)fctionary  of  popular  uamea  of  tho  plants  wbicb  fcirnish  the  natnntl  and  acqaind 
wants  of  man.     By  John  Smith.  A.  L,  .S.     London,  18S2. 

CHltivaled  PUmti.  Their  propagation  and  improvement.  By  F.  W.  Bnrbigfc 
Loudon,  18TT. 

The  Wandrrings  of  FlanU  and  animnis  from  their  first  home.  By  Victor  HehB, 
odited  by  James  Steven  Stallybrass.     London,  1885. 

Setearckei  into  the  Earlg  HUtorj  of  JUankind  and  the  development  of  ciTiliMtiW' 
By  Edward  B.  Tylor,  D.C.L.,  L.L.D.,  F.R.S.    1878. 

'The  number  of  species  of  Phimogamia  has  been  given  by  many  writers  as  not 
far  from  1^<0,000.  Unt  the  total  number  of  species  recognized  by  Benttuun  imi 
Hooker  in  the  litnrra  ;>I(i>ilarHm  (Dnrand'fl  Index)  in  100,220,  in  210  Natural  (Wen 
and  8,417  genera. 

IDi.  E.  Lewis  9tnrt«vant,  to  whose  kindness  I  am  indebted  for  great  assiftSDMin 
the  matter  of  references,  haa  placed  at  mydispoHalmanyofhisnot«8  on  edible  plHO< 
etc.  Prom  his  enumeration  it  appears  tSat  if  we  count  all  the  plants  irhiehbiTe 
been  cultivated  for  food  at  one  time  or  another,  the  list  contains  1,192  specirs,  bnt  if 
n-p  I'ount  all  the  plnutn  which  "either  hnbitnnlly  or  dnring  foioino  periods  ■>*  n^- 
cotdeil  to  b.-ive  \xvn  eaten."  we  obtain  a  list  of  no  less  than  4,fi90  species,  or  abwi*  ** 
•CI  cent  of  all  known  Hpi-cics  of  plnuM.  But.  as  Sir  Joseph  Hookel  bos  «»itlr  * 
l>TiM)urtH  of  many  plaiil^  though  i-atAhle,  »r<>  not  lit  to  oat. 
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TIm!  ilisproportioii  Itel  we^'ii  the  plants  whicli  aro  known  and  thofie 
wbich  ate  used  becomes  mneb  greater  when  wp  tike  into  account  the 
species  of  flowerless  plants  also.  Of  the  500  ferns  and  their  allies  -we 
employ,  for  other  than  decorative  purpoaes,  only  5 ;  the  mosses  and 
liverworts,  roughly  estimated  at  600  BpecicB,  have  only  4  which  are 
directly  nsed  by  man.  There  are  comparatively  few  algie,  fnngi,  or 
lichens  which  have  extended  use. 

Therefore,  frheo  we  take  the  flowering  and  floverless  together,  the 
percentage  of  atilized  plants  falls  far  below  the  estimate  made  for  the 
dowering  alone. 

Such  a  ratio  between  the  number  of  species  known  and  the  nnmber 
nsed  justifies  the  inquiry  which  I  have  jiropoaed  for  discussion  at  this 
time,  namely,  can  the  Hbort  liKt  of  nseful  plants  be  increased  to  advan- 
tagel    If  so,  howl 

This  is  a  practical  question;  it  is  likewise  a  very  old  one.  In  one 
form  or  another,  by  one  jteople  or  another,  it  has  been  asked  ftom  early 
times.  In  the  dawn  of  civilization  mankind  inherited  from  savage  au- 
oeetors  certain  plants,  which  had  been  found  amenable  to  simple  culti- 
vation, and  the  prwlncts  of  these  plants  supplemented  the  spoils  of  the 
chase  and  of  the  sea.  Tlie  question  which  we  ask  now  was  asked  then. 
Wild  plants  were  examined  for  new  uses;  primitive  agriculture  and 
horticolture  extended  their  bounds  in  answer  to  this  inquiry.  Age 
after  age  has  added  slowly  and  cautiously  to  the  list  of  cultivable  and 
atihzable  plants,  but  the  aggregate  additions  have  been,  as  we  have 
Been,  comparatively  slight. 

The  question  has  thus  no  charm  of  novelty,  but  it  is  as  practical 
today  as  in  early  ages.  In  fact,  at  the  present  time,  in  view  of  all  the 
appliances  at  the  command  of  modern  science  and  under  the  strong 
Ught  cast  by  recent  biological  and  technological  research,  the  inquiry 
which  we  propose  assumes  great  importance.  One  phase  of  it  is  being 
attentively  and  systematically  regarded  in  the  great  experiment  sta- 
tions, another  phase  is  being  studied  in  the  laboratories  of  chemistry 
and  pharmacy,  while  still  another  presents  itself  in  the  museums  of 
economic  botany. 

Our  question  may  be  put  in  other  words,  which  are  even  more  prac- 
tical. What  present  likelihood  is  there  that  our  tables  may,  one  of 
these  days,  have  other  vegetables,  fruiti,  and  cereals  than  those  which 
^e  use  now  T  What  chance  is  there  that  new  fibers  may  supplement 
w  even  replace  those  which  we  spin  and  weave,  tbat  woven  fabrics 
may  take  on  new  vegetable  colors,  that  flowers  and  leaves  may  yiehl 
'lew  perfumes  and  flavors  I  What  probability  is  there  that  new  reme- 
dial agents  may  be  found  among  plants  neglected  or  now  wholly  un- 
known t  The  answer  which  I  shall  attempt  is  not  in  the  nature  of  a 
prophecy;  it  can  claim  no  rank  higher  than  that  of  a  reasonable  con- 
jectHie. 

At  the  outset  it  nnistbe  said  that  synthetic  chemistry  has  madeaQd'^ 
is  making  some  exceiMlingly  short  cuts  a<Toss  thit  fleld  of  n>search, 
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^iviug  us  ai'titicial  dyes,  odurs,  flavors,  uud  mediciiial  substances,  of 
such  cxcolleurf  that  it  sometimes  sevnis  «8  if  before  loug  the  old-faah- 
ioued  chemical  processes  in  the  plaut  itself  would  play  ouly  a  subordi- 
nate part.  But  although  there  is  tio  telling  where  the  triumphs  <rf 
chemical  synthesis  will  end,  it  is  not  probable  that  it  will  ever  interfere 
easentially  with  certain  classes  of  eooiiomie  jtlants.  It  is  impossible  In 
conceiveof  a  synthetic  fiber  or  a  synthetic  fruit.  Chemistry  gives  us 
fruit  ethers  and  fruit  acids,  and  after  a  while  may  provide  us  with* 
true  artificial  sugar  and  amorphous  starch;  but  artificial  fruits  worth 
the  eating,  or  artificial  fibers  worth  the  spinning,  are  not  coming  in  oar 
day. 

Despite  the  extraordinary  achievements  of  synthetic  chemistry,  tiie 
world  must  be  content  to  accept,  for  a  long  ti'iie  to  come,  the  results  of 
the  intelligent  labor  of  t)ie  cultivator  of  the  soil  and  the  explorer  of  the 
forest.  Improvement  of  the  good  jdants  we  now  utilize,  and  tbedia^ 
covery  of  new  ones,  must  remain  the  care  of  large  numbers  of  dili^nt 
students  and  assiduous  workmen.  So  that  in  fact  our  question  re- 
solves itself  into  this:  Can  tllfeae  practical  investigators  hope  to  make 
any  substantial  advance? 

It  will  be  well  to  glance  first  at  the  manner  in  which  our  wild  and 
cultivated  plants  have  been  singled  out  for  use.  We  shall,  in  the  case 
of  each  class,  allude  to  the  methods  by  whicli  the  selected  plants  have 
been  improved,  or  their  products  fully  utilized.  Thus  looking  the  groand 
over,  although  not  minutely,  we  can  sec  what  new  plants  are  likely  to 
be  added  to  our  list.  Onr  illustrations  ran  at  the  best  be  only  fr»g- 
nieutary. 

We  shall  not  have  time  to  treat  the  difl'erent  divisions  of  the  subject 
in  i)recisely  the  proportions  which  would  be  demanded  by  an  exhaust 
ive  essay;  an  address  on  an  occasion  like  this  must  pass  lightly  over 
some  matters  which  other  oiiportunities  for  discussion  could  properly 
examine  with  great  fulness.  Unfortunately,  some  of  the  minor  topics 
which  must  be  thus  passed  by  possess  considerable  popular  interest; 
one  of  these  is  the  first  subordinate  question  introductory  to  our  task, 
namely,  how  were  our  useful  cultivated  and  wild  plants  selected  for 
use? 

A  study  of  the  early  history  of  plants  employed  for  ceremonial  pur- 
poses, iu  religious  solemnities,  in  incantations,  and  for  medicinal  uses, 
shows  how  slender  has  sometimes  been  the  claim  of  certain  plauta  to 
the  possession  of  iiny  real  utility.  But  some  of  the  plants  which  have 
been  brought  to  notice  in  these  ways  liave  afterwards  been  found  to  be 
utilixable  in  some  fashion  or  other.  This  is  often  seen  in  the  cases  of 
the  plants  which  have  been  suggested  for  medicinal  use  through  tbe 
absurd  doctrine  of  signatures.* 

It  secmt.  clear  that  except  in  modem  times  useful  plants  have  been 
selecteil  almost  wholly  bv  i-hance,  and  it  may  well  be  said  that  a  selec- 

—   _.    ■  ,   l.-.ou'-^Tc  -■  - 

*  Tke  Folk-ltH-e  ,.}■  fla«i».     Hy  T.  F.  ThiHBlton  Dy«.     ISC^. 
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tioii  by  accident  ia  no  selectiOD  at  all.  Nowadays  the  new  Bel<!CtioDK 
ai«  based  ou  analogy.  One  of  tbe  most  otriking  lIliistratioQS  of  the 
modern  method  in  afforded  by  the  utiUzation  of  bamboo  fiber  for  electric 
hiDps. 

Some  of  the  classes  of  usefiil  plants  must  be  passed  by  withont  pres- 
ent discDftttion,  otliers  alluded  to  slightly,  while  still  other  groups 
fairly  representative  of  selection  and  improvement  will  be  more  fiilly 
described.  In  this  latter  class  would  naturally  come,  of  course,  the 
tbod  plants  known  as 

I. — THE    CKBEALH. 

Let  as  look  first  at  these.  The  species  of  grasses  which  yield  these 
seed-like  fruits,  or,  as  we  might  call  them  for  our  purpose,  seeds,  are 
nomerous;*  20  of  them  are  cultivated  largely  in  the  Old  "World,  but 
only  six  of  them  are  likely  to  be  very  familiar  to  you,  namely,  wheat, 
rice,  barley,  outs,  rye,  and  maize.  The  last  of  these  is  of  American 
origin,  despite  doubts  which  have  been  cast  upon  it.  It  waM  not  known 
ill  the  Old  World  until  after  the  discovery  of  the  New.  It  has  jirob- 
ably  beeu  very  long  Iti  cultivation.  The  others  all  belong  to  the  Old 
World.  Wheat  and  barley  have  been  cultivated  from  the  earliest 
times;  according  to  l)e  Candolle,  the  chief  authority  in  these  matters, 
about  four  thousand  years.  Later  came  rye  and  oats,  both  of  which 
have  been  known  in  cultivation  for  at  least  two  thousand  years.  Even 
the  shorter  of  these  periods  gives  time  enough  for  wide  variation,  and 
its  is  to  be  expected  Miere  are  numerous  varieties  of  tliem  all.  For  in- 
stance, VilmoHu,  iu  1S80,  figured  sixty-six  varieties  of  wheat  with 
plainly  distinguishable  f^harncters.t 

If  the  Chinese  records  are  to  be  trusted,  rice  has  been  cultivated  for 
.t  period  much  longer  than  that  assigned  by  our  history  and  traditions 
to  the  other  cereals,  and  the  varieties  are  correspondingly  numerous. 
It  is  said  that  in  Japan  above  three  hundred  varieties  are  grown  on 
irrigated  lands,  and  more  than  one  hundred  <m  uplands.} 

With  the  possible  exception  of  rice,  not  one  of  the  species  of  cereals 
is  eertiiinly  known  in  the  wild  state. §  Now  and  then  si>eeimens  have 
l>een  gathereil  in  the  Bast  which  can  be  referred  to  the  probable  types 
from  which  our  varieties  have  sprung,  but  doubt  has  been  thixtwu 
npoD  every  one  of  these  cases.  It  has  been  shown  conclusively  that 
it  is  easy  for  a  plant  to  escape  from  cultivation  and  ]>ersist  iu  its  new 

*  In  Dr.  StuitevSiDt'B  lidt,  88  sperios  of  OraniinnF  nre  couDteil  ae  food  plants  nuiler 
i^ultivation,  while  tbe  iiiimlier  of  Bpecies  in  tiiia  ordur  which  can  bo  or  liaTe  been 
ntJlized  an  food  omoantB  to  146.  Onr  aniikller  number,  20,  i'ompriH«n  only  those  which 
h»ve  been  grown  on  a  lurfitj  8<:alB  anywhere. 

("In  the  Agricultural  MiiHciim  iit  I'oppelndorf,  BOO  rarietifs  ure  e)i.bihiti-il." 

!  E.  L.  S.  in  letter.     Quoted  from  Sciidsuian's  catalogue. 

i  Tbe  best  account  uf  the  early  bintor;  of  thene  uud  other  cultJTated  plants  i-an 
liefnnnd  in  the  clnaHical  work  of  I)e  Cnnclnlle  "  fMffine  den  I'lanlei  Cullin'es  (I'liriB) 
tmnxlated  in  ihe  Internntiouul  Hcriis,  Hielwg  of  l-iiltiTnlcl  VlanU  (X.  Y.j.  Tbo 
rexler  shnnld  coofult  nlno  narwin's  JnimaU  and  Ftanit  under  Itomritiealion. 
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home  even  for  a  long  time  iu  a  near  approximatioa  to  cultivated  form. 
Hence,  we  are  forced  to  receive  all  statements  regarding  tUe  wild 
forms  with  caution.  But  it  may  be  safely  said  that  if  all  the  varieties 
.of  cereals  which  we  now  cultivate  were  to  he  swept  out  of  existeoce, 
we  could  hardly  know  where  to  turn  for  wild  species  with  which  to 
begin  again.    We  ^^ould  not  know  with  certaiuty. 

To  bring  this  fact  a  little  more  vividly  to  our  mtud.s,  let  us  suppose  a 
case.  Let  us  imagine  that  a  blight  without  parallel  has  brought  to  ex- 
tinction all  the  forms  of  wheat,  rice,  rye,  oats,  barley,  and  maize,  now  in 
cultivation,  but  without  affecting  the  other  grasses  or  any  other  form 
of  vegetable  food.  Mankind  would  beobhgedto  subsist  apou  the  other 
kindly  fruits  of  the  earth;  ui>on  nmt  crops,  tubers,  legumiuuua  Heeds, 
aud  so  on.  Some  of  the  substitutions  might  be  ainusiog  in  any  other 
timethanthatof  a  threatened  famine.  Others  would  be  far  from  appedz- 
ing  under  any  condition,  aud  only  a  few  would  be  wholly  satisfying  even 
to  the  most  pronounced  vegetarian.  In  short,  it  would  seem  from  the 
first,  that  the  cereals  fill  a  place  occupied  by  no  other  plauts.  The  com- 
positioD  of  the  grains  is  theoretically  and  practically  almost  perfect  as 
regards  food  ratio  between  the  nitrogenous  matters  and  the  starch  group; 
aud  tlie  food  value,  as  it  is  termed,  is  high.  But  ivside  from  these 
considerations,  itwould  be  seen  that  for  safety  of  preservation  throngli 
considerable  periods,  and  for  convenience  of  transportation,  the  cere 
als  take  highest  rank.  Pressure  would  come  from  every  side  to  compel 
us  to  find  equivalents  for  the  lost  grains.  ,  From  this  predicament  1 
believe  that  the  well-equipped  Experiment  Stations  and  the  Agri- 
cultural Departments  in  Europe  and  America  would  by  aud  by  extri- 
cate us.  Continuing  this  hypothetical  case,  let  us  next  inquire  bo« 
the  st;itious  would  probably  go  to  work  in  the  u|vhill  task  of  makinj: 
partially  good  a  well-]iigh  irreparable  loss. 

The  whole  group  of  relatives  of  the  lost  cereals  would  be  passed  in 
strict  review.  Size  of  grain,  strengtli  and  vigor  and  plasticity  of  stock, 
adaptability  to  different  surroundings,  and  flexibUity  in  variatiou  would 
be  examined  with  scrupulous  care. 

Bat  the  range  of  experiment  would,  uuder  the  ciri-umstaDccs,  extend 
f^  beyond  the  relatives  of  our  present  cereals.  It  would  embrace  an 
examination  of  the  other  grasses  which  are  even  now  cultivated  for 
their  grains,  but  which  are  so  little  known  outside  of  their  own  limit 
that  it  is  a  surprise  to  hear  about  tlieiu.  For  example,  the  millets, 
great  aud  small,  would  be  investigated.  These  grains,  so  little  known 
here,  form  an  imiwrtant  crop  in  certain  parts  of  the  East.  One  of  tlie 
leading  authorities  on  tbe  subject*  states  that  the  millets  constitute 

■  Food  graini  of  I»dia,  A.  H.  Cliurch,  London,  1886,  p.  34.  In  this  inrtracUm 
wiirk  the  reader  will  find  muvh  infonuation  rcganliDK  tbe  lesa  coniinon  article 
uffood.  Of  rankum  fruutrnlaceum  Prof,  (ieorgvaon  BtatcB  in  a  lett«r  that  it  is 
)!rnwu  in  Jnputi  for  Ha  grain  wliicb  ia  ii»pd  for  food,  lint  hi>re  nonld  take  rank  m  a 
fod'ler  plant.  ' 
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"a  more  important  crop "  in  ludia  "  tliau  either  rice  or  wheat,  and 
are  grova  more  exteusively,  being  raiseil  from  Madras  in  the  soath  to 
Biypiitaiia  in  the  north.  They  occupy  about  83  per  cent  of  the  food 
gram  areit  in  Bombay  and  Sinde,  41  per  cent  in  the  Paiyab,  39  per 
cent  in  tbe  Central  Provinces,"  "  in  :ill  about  30,000,000  acres." 

Having  chosen  proper  subjects  for  oxperimenting,  tbe  cultivators 
ffoold  make  dbo  of  certaiu  well-known  principles.  By  simple  selection 
of  tbe  more  desirable  seeds,  strains  woald  be  secured  to  suit  definite 
wants,  and  these  strains  would  be  kept  as  races,  or  attempts  would  be 
made  to  intensify  wished-for  characters.  By  skillful  hybridizing  of  the 
first,  second,  and  higher  orders,  tendcnvles  to  wider  variation  would  be 
obtained  and  tbe  process  of  selection  considerably  esi>edited.* 

It  is  oat  of  OUT  power  to  predict  how  much  time  would  elapse  before 
satisfactory  substitutes  for  our  cereals  coold  be  found.  In  the  im- 
provement of  the  grains  of  grasses  other  than  those  which  have  been 
very  long  under  cultivation,  experiments  have  been  few,  scattered,  and 
indecisive.  Therefore  we  are  as  badly  olf  for  time  ratios  as  are  the 
geologists  and  archieologtsts,  in  their  statements  of  elapsed  periods. 
It  is  impossible  for  us  to  ignore  tbe  fact  that  there  appear  to  be  occa- 
sions in  the  life  of  a  species  when  it  seems  to  be  peculiarly  susceptible 
to  the  ipdaences  of  its  surroundingH.t  A  species,  like  a  carofidly  laden 
ship,  represents  a  balancing  offerees  within  and  without.  Disturbance 
may  come  through  variation  from  within,  as  from  a  shifting  of  the  cargo, 
or  in  some  cases  from  without.  We  may  supiwse  both  forces  to  be 
active  in  producing  variation,  a  change  in  the  internal  condition  ren- 
dering the  plant  more  susceptible  to  any  change  in  its  surroundings. 
Under  the  influence  of  any  marked  disturbance,  a  state  of  unstable 
equilibrium  may  be  brought  about,  at  which  times  tbe  species,  as  such, 
is  easily  acted  upon  by  very  slight  agencies. 

One  of  the  most  marked  of  these  derangements  is  a  consequence  of 
cross-breeding  within  tbe  eiitreme  limits  of  varieties.  Tbe  resultant 
forms  in  such  cases  can  persist  only  by  close  breeding  or  by  propaga- 
tion from  buds  or  the  equivalents  of  buds.  Disturbances  like  these 
arise  unexpectedly  in  the  ordinary  course  ot  nature,  giving  us  sports 
of  various  kinds.  These  critical  x>eriods however  are  not  unwelcome, 
since  skillful  cultivators  can  tuk9  atlvautage  of  them.  In  this  very 
field  much  has  been  accomplished.     An  attentive  study  of  the  saga- 

*  In  order  to  avoiil  [lossible  misapprelieasioii,  it  should  be  stated  that  there  are  a 
few  penoos  who  hold  that  at  least  some  of  our  cereals,  and  other  cultivated  plaots, 
for  that,  matter,  have  not  undergone  material  improvement  but  ore  esseutiallf  un- 
modified prof^n;.  Under  this  view,  if  we  could  look  hack  into  the  farthest  past, 
we  ahunld  see  onr  cereals  growing  wild  and  in  such  admirable  condition  that  we 
ihonld  uuheeitattoglf  select  them  for  imwediate  use.  This  extreme  position  is  un- 
teuabte.  Again,  there  are  it  few  extreuiists  who  hold  that  some  plants  under  culti- 
vation have  reacfaetl  their  ciilmtnating  point,  and  mast  now  remaja  stationary  or 
begin  to  retrograde,  p  [ 

tOray's  Bolanieal  Text  Hook,  vols,  i  and  ii.  biyii.^euLv  vjiji^^ii^ 
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cionH  work  done  by  Thomas  Audrew  Kuight  shovs  to  what  est«Rt  Uiu 
can  b«  done.*  But  we  must  confess  that  it  would  be  absolutely  itapos- 
sible  to  predict  with  certainty  how  long  or  how  short  would  be  tbe 
time  before  new  cereals  or  acceptable  equivalents  for  them  would  be 
provided.  Upheld  by  the  confidence  which  I  have  iu  the  int«lligenv«. 
ingenuity,  and  energy  of  our  Experiment  Stations,  I  may  say  that  tl>e 
time  would  not  probably  exceed  that  of  two  generations  of  our  race,  or 
half  a  century. 

Ill  now  laying  aside  our  hypothetical  illustration,  1  venture  to  ask 
why  it  is  that  our  Experiment  Stations  and  other  inHtitntiooB  dealing 
with  plants  and  their  improvement  do  nut  undertake  investigutioDs 
like  those  which  I  have  sketched?  Why  are  not  some  of  the  grasses 
other  than  our  present  cereals  studied  with  reference  to  their  adoptiou 
as  Ibod  graiu8T  One  of  these  spet^ies  will  naturally  suggest  itself  to 
ytm  all,  namely,  the  Wild  Kice  of  the  Lakes.f  Observations  have 
shown  that  were  it  not  for  the  difficulty  of  harvesting  these  grains 
which  fall  too  easily  when  they  are  ripe,  they  might  be  utilized.  But 
attentive  search  might  tind  or  educe  some  variety  of  Zizania  with  a 
more  i)er8istent  grain  am)  a  better  yield.  There  are  two  of  our  sea- 
shore grasses  which  have  excellent  grains,  but  are  of  small  jield 
Why  are  not  these,  or  better  ones  which  might  be  suggested  by  obser- 
vation, taken  in  liandl 

The  reuHon  is  plain.  We  are  all  content  to  move  along  in  lines  of 
least  resistance,  and  are  disinclined  to  make  a  fresh  start.  It  is  merely 
leaving  well  enough  alone,  and  so  far  as  the  cereals  arc  coucerned  it  is 
indeed  well  euougli.  The  generous  grains  of  modern  varieties  of  wheat 
and  barley  compared  with  the  well-preserved  charred  vestiges  found  in 
Greece  by  S(Odiemann,|  and  iu  the  lake  dwel1iugs,§  are  satisfactory  in 

■  .1  SelKliint  from  the  l'liy$ioh>f)ii:al  and  Hmiienltaral  fopert,  published  in  tUeTrani- 
BCtiiiua  of  tlie  Ro;al  and  Hortkitlturnl  Socif  tii'H,  l>;  tliv  \aVe  Thomao  Andrew  Knigbt, 
e»i|.,  prenident  of  tbi'  Hort.  Sue.  Londcm  (Luadon),  1841. 

t  mtulrati<m»oftht  MaiiiierKand  Cuitomi  and  CoHdilion  of  tbr  Xortk  JmeruMn  liiiiaa$. 
By  Qeorge  Cntlia,  London,  ISTfi.  Areprintuf  theaccoiiutpiiblishudin  184Iof  trav«l> 
in  1832-1840.  "  Pints  278  in  a  ii&rty  of  Sioux,  iu  liark  cau»«8  (purchased  oftbe  Cbip- 
powaa),  gatberiDg  the  wild  rice,  which  gr<iwH  in  immenso  lit'lda  nroiiud  the  nhomut 
the  riven  aud  lakes  of  these  uortbern  recloiiR,  iind  uned  b;  tbe  Indians  as  an  artkl« 
of  food.  The  mode  of  KnIhorinK  it  ia  cnrions.  and.  ns  sern  in  tbe  drawiDg,  one  wmuin 
paddles  the  cnuoe,  whilut  another,  witba  Htiek  in  eaeh  bund,  liends  the  rice  uver  (be 
canoe  Ttth  one  and  strikes  it  nith  the  other,  which  shakes  it  into  the  canoe,  irliicli 
is  constantly  moving  along  nnlil  it  is  filled."    Vol.  ii,  p.  208. 

tScblieuiann'scaTbonized  spei-iineuse\hnme<l  in  Greece  are  said  to  tM  "verjhsnl, 
fine-grained,  sharp,  very  tlat  on  grooM'il  side,  different  (toja  auy  wheala  now  kpown." 
Am.  Antiq.,  1880,  66.  The  carbonized  grains  in  the  Peabody  Maseiun  at  Cambridge. 
Mass.,  are  small. 

5  PrehiKtoric  TJmtrs.  as  illiiKtrated  by  ancient  reiiiaina  and  the  inannera  and  cnstont! 
of  modern  savagis.  Ity  John  Lubbock,  Ittirr.  (New  York). 4ih  edn..  1886.  "Three 
varii'lies  of  wheat  were  cLiltivated  by  the  Lnko  DwfJIers.  who  also  poasessnl  iwo 
kindN  of  barb'y  niid  two  of  millet.     Of  tliPsc  the  most  nncient  and  moat  impOTlini 
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ereiy  respect,  Improrements  hoverer  are  making  in  many  direc- 
tions; and  in  tbecereals  we  now  have,  we  possess  far  better  and  more 
satisfactory  material  for  fiirtlier  improvement,  both  in  quality  and  as 
r^ards  range  of  distribution,  than  we  conld  reasonably  hope  to  bave 
&om  other  grasses. 

From  the  cereals  we  may  turn  to  the  interesting  groupu  of  plants 
comprised  nnder  the  geDeral  term. 

II.— VEGETABLES. 

Under  this  term  it  will  be  convenient  for  us  to  include  all  jilants 
which  are  employed  for  culinary  purposen  or  for  table  use,  Huch  an 
salads  and  relishes. 

The  potato  and  sweet  potato,  the  pumpkin  and  squaHfa,  the  red  or 
capsicam  peppers,  and  the  tomato  are  of  American  origin. 

All  the  others  are  most  probably  natives  of  tbe  Old  World.  Only 
one  plant  coming  in  this  class  has  beeo  derived  from  southern  Aus- 
tralasia, namely,  New  Zealand  spinach  {Tetragvnia). 

Among  the  vegetables  and  salad  plants  longest  in  cultivation  we 
may  enumerate  the  following:  Turnip,  onion,  cabbage,  purslane,  the 
large  bean  (Faba),  chick-pea,  lentil,  and  one  species  of  pea — garden  pea. 
To  these  an  antiquity  of  at  least  four  thousand  years  is  ascribed. 

Next  to  these,  in  point  of  age,  come  tbe  radish,  carrot,  beet,  garlic, 
garden-cress,  and  celery,  lettace,  asparagus,  and  tbe  leek.  Three  or 
four  leguminous  seeds  are  to  be  placed  in  the  same  category,  as  are  also 
the  bUck  peppers. 

Of  more  recent  introduction,  tbe  most  prominent  are  the  parsnip, 
oy8t«r  plant,  parsley,  artichoke,  endive,  and  spinach. 

Prmn  the»e  lists  I  have  purposely  omitted  a  few  which  belong  ex- 
closively  to  the  tropics,  such  as  certain  yams. 

The  number  of  varieties  of  theHe  vegetables  is  astounding.  It  is  of 
coarse  impossible  to  discriminate  between  closely  allied  varieties  which 
have  been  introduced  by  gardeners  and  seedsmen  under  different 
names,  bat  which  are  essentially  identical,  and  we  must  therefore  have 
recourse  to  a  conservative  authority,  Vilmorin,*  fit>m  whose  work  a  few 

wen  the  iix-rowed  bftrley  Knd  Sioall  'Lake  Dwellcn'"  wheat.  The diiiFo very  of 
Egyptian  wheat  (THficxm  lurgldatn)  at  Wuigen  and  Rnbeohanflen  is  particularly 
intereitjng.  Oats  were  cultivated  during  the  bronza  ago,  bat  ore  abecDt  ftom  all 
the  stooe  age  TiUagei,  Rye  woe  also  nnbnown,"  p.  216.  "  Wheat  is  moat  common, 
having  been  diaoovered  at  Merlen,  Mooaseedorr,  and  Wangen.  At  the  latter  place, 
indeed,  many  bnabele  of  it  were  foond,  the  graine  being  in  large,  thick  Inmpe.  In 
other  caaea  the  graine  are  free,  nnd  nltliout  chaff,  TesembliDg  our  present  wheat  in 
«ize  and  form,  while  more  rarely  they  are  still  in  the  ear."  One  faandred  and  fifteen 
■pecies  of  plants  have  been  identlHed.    Heer  Keller. 

'LaPlantt*  Potaghret,  Vilmorin,  Paris.  Translated  into  Englisli  under  the  direc- 
tion of  W.  Robinaon,  editor  of  the  (London)  "Garden,"  18B5,  and  entitled  The  Veg- 

H.  Mis.  334,  pt.  1 *0  u,„.e..,l^OO^lC 
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esaniplea  have  Im-cq  wlected.  The  varieties  which  be  accepts  are  snf- 
flciently  well  distinguished  ta  admit  of  description,  and  in  moBt  instances 
of  delineation,  witboat  any  danger  of  confiisiou.  The  potato  has,  be 
says,  innumerable  varieties,  of  which  he  accepts  forty  aa  easily  distia- 
guishable  and  worthy  of  a  place  in  a  general  list,  hut  he  adds  also  a 
list,  comprising  of  course  synonyms,  of  thirty-two  French,  twenty  sii 
English,  nineteen  American,  and  eighteen  German  varieties.  The  fol- 
lowing numbers  Bi>eak  for  themselves,  all  being  selected  iu  the  same 
careful  manner  as  those  of  the  potato* ;  celery  more  than  twenty ;  carrot 
more  than  thirty;  beet,  radish,  and  potato  more  tban  forty;  lettaceand 
onion  more  than  fifty;  ttiruipmore  than  seventy;  cabbage,  kidney  bean, 
and  garden  pea  more  than  one  hundred. 

The  amount  of  horticultural  work  which  these  numbers  represent  is 
enormous.  Etwh  variety  established  as  a  race  (that  is,  a  variety  which 
comes  true  to  seed)  has  been  evolved  by  the  same  sort  of  patient  can 
and  waiting  which  we  have  seen  is  necessary  in  the  case  of  cereals,  but 
the  time  of  waiting  has  not  been  as  a  general  thing  so  long. 

You  will  permit  me  to  quote  fi-omVilmorin*  also  an  account  of  acom- 
mon  plant,  which  will  show  how  wide  iutbe  range  of  variation  and  how 
obscure  are  the  indications  in  the  wild  plant  of  its  available  possibili- 
ties. The  example  shows  how  completely  hidden  are  the  potential 
variations  usethl  U}  mankind. 

"Cabbage,  a  plant  which  is  indigenous  in  Europe  and  western  Asia, 
in  one  of  the  vegetables  which  has  been  cultivated  from  the  earhest 
time.  The  ancients  were  well  acquainted  with  it,  and  certainly  pos- 
sessed several  varieties  of  the  head-fonning  kinds.  The  great  antiq- 
uity of  its  culture  may  be  inferred  from  the  immense  number  of  varieties 
which  are  now  in  existence,  and  from  the  very  important  modi&catioDS 
which  have  been  produced  in  the  characteristics  in  the  original  or  parent 
plant. 

"The  wild  cabbage,  snch  as  it  now  exists  on  the  coasts  of  England 
and  France,  is  a  i>erennial  plant  with  broadlobed,  undulated,  thick, 
smooth  leaves,  covered  with  aglancusbloom.  The  stem  attains  abeigbt 
of  from  nearly  2  J  to  over  3  feet,  and  bears  at  the  top  a  spike  of  yellow 
or  sometimes  white  tlowers.  All  the  cultivated  varieties  present  the 
same  peculiarities  iu  tbeirinftorosenee,  bnt  up  to  the  time  of  flowerinfc 
they  exhibit  the  most  marked  tlill'erences  from  each  other  and  from  tbe 
original  wild  plant.  In  most  of  the  cabbages  it  is  cbiefly  the  leaves 
that  are  develope<l  by  cultivation;  these  for  the  most  part  become  im- 
bricated or  overlap  one  another  closely,  so  as  to  form  a  more  or  less 
compact  head,  the  heart  or  interior  of  which  is  composed  of  thectmtral 
undeveloped  shoot  and  the  yonnger  leaves  next  it.  The  shape  of  the 
heail  is  spherical,  sometimes  flattened,  sometimes  conical.  All  the  va- 
rieties which  form  heaths  in  this  way  arc  known  by  the  general  name  of 

•Lot.  cit.,  KnglUh  edition,  p.  lOl.'      vmXK^TC 
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cabbages,  while  other  kinds,  with  large  branching  leaves  which  never 
form  heads,  are  distinguished  by  tbe  name  of  borecole  or  kale. 

"Inmme  kinds  the  flower  stems  have  beeu  so  modified  by  vulture 
as  to  become  transformed  into  a  thi(*,  fleshy,  tender  inas.s,  the  growth 
and  enlargement  of  which  are  produced  at  the  expeDSe  of  the  dowers 
which  are  absorbed  and  rendereil  abortive.  Such  are  the  broccolis 
and  cauliflowers." 

But  this  plant  has  other  transformations.  ^'In  other  kinds  the  leaves 
retain  their  ordinary  dimensions,  while  the  stem  or  principal  root  has 
been  brought  by  cultivation  to  assume  the  shape  of  a  large  ball  or  tur- 
nip, as  in  the  case  of  tbe  plants  known  as  Kohl-BaSi  and  turnip-rooted 
cabbage  or  Swedish  turnip.  And  lastly,  there  are  varieties  in  which 
cnltivation  and  selection  have  produced  inmUttcatious  in  the  ribs  of  the 
leaves,  as  in  the  Conve  Tronchuda,  or  in  tbe  axilary  shoots  (as  in  Brus- 
sels sprouts),  or  in  several  organs  together,  as  in  the  marrow  kales, 
and  flie  Xeaiwlitau  curled  kale." 

Hero  are  important  morphological  changes  like  those  U>  which  Prof. 
Bailey  has  called  attention  in  the  case  of  the  tomato. 

Suppose  we  are  strolling  along  tbe  beach  at  some  of  the  seaside  re- 
sorts of  France,  and  should  fall  in  with  this  coarse,  cruciferous  plant, 
Tith  its  sprawling  leaves  and  strong  odor.  Would  there  be  anything 
ill  its  appearance  to  lead  us  to  search  for  it«  hidden  merits  as  a  food 
[ilant  1  What  could  wc  see  in  it  which  would  give  it  a  preference  over 
a  score  of  other  plants  at  our  feet  T  Again,  suppose  we  are  journeying 
in  the  highlands  of  Fern,  and  should  meet  with  a  strong-smelling 
plant  of  the  night-shade  family,  bearing  a  small,  irregular  fruit  of  sub- 
acid taste  and  of  peculiar  flavor.  We  will  ftirther  imagine  that  the 
t>wuliar  taste  strikes  our  fancy,  and  we  conceive  that  the  plant  has 
possibilities  as  a  source  of  food.  We  should  be  led  by  our  knowledge 
of  the  potato,  probably  a  native  of  the  same  region,  to  think  that  this 
allied  plant  might  be  safely  transferred  to  a  northern  climate,  but  would 
there  be  promise  of  enough  future  usefulness  in  such  a  case  as  this  to 
narraot  our  carrying  the  plant  north  as  an  article  of  food  1  Suppose, 
further,  wc  should  asi^ertain  that  the  fruit  in  question  was  relished  not 
only  by  the  natives  of  its  home,  but  that  it  bad  found  favor  among  the 
tribes  of  South  Mexico  and  Central  America,  and  had  bc<'n  cultivated- 
by  them  until  it  had  attained  a  largo  size,  should  we  be  strengthened 
in  our  venture  t  Let  us  go  one  step  flirther  still.  Suppose  that  having 
decided  upon  the  introduction  of  the  plant,  and  having  urged  every- 
body to  try  it,  we  should  find  it  discarded  as  a  fniit,  but  taking  a  place 
ill  gardens  as  a  curiosity  under  an  absurd  name,  or  as  a  basis  for  pre- 
serves and  pickles;  should  we  not  look  upon  our  experiment  in  the  in- 
troduction of  this  new  plant  as  a  failiiie !    This  is  not  a  hypothetical 
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The  tomato,*  the  plant  in  questiou,  was  cultivated  in  Europe  ae  long 
ago  as  1554;t  it  was  known  in  Virginia  in  1781,  and  ia  the  S^orthero 
States  in  1785;  bat  it  found  its  way  into  favor  Blowly,eTeD  in  this  land 
of  its  origin.  A  credible  witness  states  that  in  Salem  it  was  almosi 
impossible  to  iudnce  people  to  eat  or  even  taste  of  the  fruit.  And  yet, 
as  yoa  are  well  aware,  its  present  cnltivation  on  an  enormous  scale  iu 
Enrope  and  this  conntrj'  is  scarcely  sufBcient  to  meet  the  increasini; 
demand. 

A  plant  which  belongs  to  the  family  of  the  tomato  has  been  known 
to  the  public  under  the  name  of  the  strawl)eTry  tomato.  Tlie  jniq' 
yellow  or  orange-cokired  fruit  is  inclosed  in  a  pai»ery  calyx  of  larjie 
size.  Thedescriptions  which  were  published  when  the  plant  was  piac^ 
on  the  market  were  attractive,  and  were  not  exaggerated  to  a  mislead- 
ing extent.  But,  as  you  all  know,  the  plant  never  gained  any  popu- 
larity. If  we  look  at  these  two  cases  carefully,  we  shall  se«  that  wbiit 
appears  to  be  caprice  on  the  part  of  the  public  is  at  bottom  common 
sense.  The  cases  illustrate  as  well  as  any  which  are  at  command  the 
difficulties  which  surround  the  whole  subject  of  the  introdnction  of  new 
foods. 

Before  asking  specifically  in  what  direction  we  shall  look  for  new 
vegetobles,  I  must  be  pardoned  for  calling  attention,  in  passing,  to  u 
very  few  of  the  many  which  are  already  in  limited  use  in  Enrope  3ih1 
this  country,  but  which  merit  a  wider  employment.  Gardon,  or  cat- 
doon;  eeleriac,  or  turnip-rooted  celer)';  fetticus,  or  corn  salad;  mar 
tynia;  salsify;  sea  kale,  and  niuuerous  small  salads,  are  examples  of 
neglected  treasures  of  the  vegetable  garden. 

The  following,  which  are  even  lees  known,  may  be  mentioned  as  fau'ly 
promising :{ 

(1)  Arraeacia  esculenta,  called  Arracacha,  belonging  to  the  parsley 
family.  It  is  extensively  cultivated  in  some  of  the  northern  States  of 
South  America.     The  stems  are  swollen  near  the  base,  and  produce 

'AccordiDg  til  Dntes  mail?  bj-  Mr  HannUiig,  S<^.  MaHsnrhuwtta  HorticnltDnl 
Society  (Hill.  Man*.  Bart.  Socirlti),  the  t«msUi  vra«  intn>duc«d  into  Sal«in,  itam.. 
•boat  1802  by  Hirhele  Felire  Com^,  ma  Itali&D  painter,  bat  be  found  it  dLffleuK  t» 
per«nsde  people  even  to  taste  tha  frnit  (Felt'H  Attmali  of  Salem,  vol.  ii,  631).  U 
,waa  said  to  faave  been  introdaced  info  Philadelphia  b;  a  French  refog^^  lTDm  Sui 
Doiuingo,  in  1T98.  It  tran  iiHed  as  an  article  of  food  in  New  Orleans  in  1812,  bnt  w»> 
not  sold  in  the  luarkets  of  Philadelphia  nnti)  1829.  It  did  not  oome  into  genanl  dh 
in  the  North  until  some  years  after  the  laxt  Datned  date. 

t "  In  Spaiu  and  those  hot  regions  tbey  use  to  eat  the  (love)  apples  prepared  uid 
bailed  with  Jkepper,  salt,  and  olives:  but  they  yield  very  little  unorishiDeDt  to  the 
bixlies,  and  the  snuie  nought  and  rurmjit.  Likewitte  tbpy  doe  eat  the  appliv  *it1> 
oile.  vinegiir,  and  ]icpi)er  misnl  tomtber  for  B»nec  tn  their  meat  even  as  ire  in  Uiwe 
cidd  ■'•niutrien  do  mnetard."    Geranl's  Herbal.  »16. 

',  I'ommrrrial  llolaiijf  of  Ihr  Xinrtfrmth  CtHttj,  By  John  R.  Jaekaon,  A.  L.  S. 
lell   and  Coapaiiy.   London.   1^90.    Mr.   Jaektion,  who  ia  tbo  curator  of  tlie 


>,  Koyal  Gardens.   Kew.  has  embodied  in  tliis  treatue  a  _ 
oblo  information,  well  arranged  for  ready  reference.  _.i  ly  CtOO' 
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tabemiiH  eului-gemtsut^  lilletl  with  uii  exi-elleiit  Htarcli.  .Vltliougli  tlie 
plant  in  of  comparatively  easy  cnltivatioii,  efforts  to  iiitroiliicu  it  into 
Europe  have  not  been  siiccesafiil,  but  it  im  said  to  have  foanil  favor  in 
both  the  Indies,  and  may  prove  useful  in  our  Southern  States. 

(2)  JJtlucua  or  OUucus,  another  tiiberoun-rooti'd  plant  from  nearly 
the  same  region,  but  belonging  to  tUe  beet  or  Hi>iua<'h  family.  It  has 
produced  tubers  of  good  size  iu  England,  but  they  are  too  waxy  in 
consistence  to  dispute  the  place  of  the  better  tubers  of  the  potato.  The 
plant  is  worth  investigating  for  onr  hot,  dry  lands. 

(3)  A  tuber-bearing  relative  of  our  common  hedge  nettle,  or  Staehy»f 
is  now  cultivated  on  a  large  scale  at  Crosnes,  in  France,  for  the  Paris 
market.  Its  name  in  Paris  is  taken  from  the  locality  where  it  is  now 
grown  for  aae.  Although  its  native  country  is  Japan,  it  is  called  by 
some  seedsmen  Chinese  artichoke.  At  the  present  stage  of  cultiva- 
tion the  tubers  are  small  and  are  rather  hard  to  keep,bat  it  is  thought 
"that  both  of  these  defects  can  be  overcome  or  evaded."*  Experi- 
ments indicate  that  we  have  iu  this  species  a  valuable  addition  to  our 
vegetables.    We  must  next  look  at  certain  other  neglected  possibilities. 

Dr.  Edward  Palmer,t  whose  energy  as  a  collector  and  acuteneas  as 
an  observer  are  known  to  you  all,  has  brought  together  very  interest- 

•  Qari.  Cluvn.,  1888. 

t  Department  of  JgrUmlture  Report  fur  1870,  p.  404-128.  Onl;  tfaose  are  bvte 
copied  from  Dr.  Pslmet'B  list  which  he  Bipreasly  etatee  are  eiteusively  liled. 

Ground  Diit  (Apioi  tubfroia);  jEtculu*  Cali/omica;  Agare  Amrieana:  Nsphar  ad- 
ma;  prairie  potato  (Ptoralta  tunUnla);  ^cirpM  laeMtH^;  Sagtllaria  variabili*; 
KamaM-root  {Camania  aeuUitlA) ;  SolanHin  FindUri  (eapposed  by  him  to  he  the 
urigiual  of  the  oultiTated  potato);  aconu  of  various  sort;  meaquit  (Algnrobia 
glandato$a);  Junipenu  otxidenlalia ;  ntita  of  Carga,  Juglaiu,  etc.;  Hcrew-hean 
(Slrombocarpiu pubeiceni) ;  Tarioua  I'actoceie  ;  Fucca;  cherries  and  many  wild  ber- 
ties;  CkenopodiuM  albuni.,  etc.  FioraUa  etoNffn'o^prauie  potato,  or  bread  root. 
Palmer  in  JgHcultural  Sepori,  1^0,  p.  402. 

The  bllowiDg  from  Catlin,  L  r,  i,  p.  122: 

"Com  and  dried  meat  are  generully  laid  up  in  the  fall  in  sufficient  ijuantitiea  to 
■apport  them  through  the  wiue<-r.  Thnse  are  tbu  principal  articles  of  food  during 
that  long  and  inclement  season ;  anit  in  addition  to  them,  they  oftuntimea  have  in 
stofb  great  quaDtities  of  dried  aquuahes,  and  dried  '  pommes  blanches,'  a  kind  of 
tamip  which  growa  in  great  abundaooe  in  those  regiona.  -  -  -  These  are 
dried  in  great  quantities  and  pounded  into  a  sort  of  meal  oud  cooked  with  dried 
meat  and  com.  Oruat  quantities  also  are  dried  and  laid  nway  in  atore  for  the  win- 
l«r  sttaaon,  snch  as  buffalo  berries,  service  berries,  HlranberritsH,  and  wild  plume. 
In  Bildition  to  this  we  had  the  luxury  of  service  berries  without  stint;  and  the 
buffalo  bushes,  which  are  peculiar  to  these  northern  regions,  lined  tbo  lianka  of  the 
riverand  thedefiles  in  the  bluffs,  Hometimes  fur  niiloHtogutlier,  forming  almost  impaas- 
alile  hedges,  so  loaded  with  the  weight  of  their  fruit  that  their  liougha  wore  seen 
every  where  gracefully  bending  down  or  resting  ou  the  ground.  This  last  shrub  {Sliep- 
kerdia),  which  may  be  said  to  be  the  most  beautiful  ornament  that  decks  nut  the  wild 
prairies,  forms  a  striking  contrast  to  the  rest  of  the  foliage,  from  the  blue  appear- 
ance of  itft  leaves,  by  which  it  can  be  diatingulsh<Hl  for  tuilee  in  diataDc<>.  The  fruit 
which  it  produces  in  such  incredible  profusion,  hanging  in  clusters  to  every  limb 
and  to  every  twig,  is  abont  the  size  of  ordinary  corranta  and  not  unlike  them  in 
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tuy  (^-l.«  rvlviivi'  to  (ht'  tVxMl  plitutti  ol'oui'  North  Ameriuaa  aborigineti. 
Aiw«w^  iW  ttliuiis  dv««'Tibe<l  by  hini  there  are  a  few  which  merit  van- 
itk)  i£\-<(>stifii:x<a.     As^in.-it  all  of  them,  however,  there  lie  the  objee- 

V)M  t.ivi  •.ziue  ivifaiml  for  their  improvement,  and 
'i    Viu   cjtiu^':zj  •■■£  vakiag  them  aeceptAble  to  the  community,  in- 

■■•.    '^iM  rML  tc  7-Jdl  ^mX  iiiuftii\*ing  dilute. 

:i  -.IV  tttnf<  'V  ruit  Al'ixvss  ihe  more  prominent  of  these  are  ennmer' 

ji  ~<^<«  MO  UiOc!  c^>^  liniy  e;illed  atteatiou  to  the  remarkable  rela 
iMMt^  <  -111  ■!  ■  .;<  >*'fwt?»-a  the  phmtsof  Japan  and  those  of  oar  Eaatem 

.XMM.  \  »i  \-i\  T^iw^mbfr  zbM  he  not  ouly  proved  that  the  pliuitsof 
itt  '\"  >r^vi'U>  1^  k  .-•uimon  origin,  but  al^o  emphasized  the  fact  that 
ten-,.  S**'  -«*■  "^  ■!«*  ^*"  '■'xuiiries  are  almost  identical.  It  is  t«  that 
(HiLii.i,^   «■'.-<.•■  'uu>' :t'Uiru  :!:>  S4I  Diiuiy  u^efol  and  beautiful  plants  that 

■»«  .mtt  x'f  !«»  ■■•-srtttO'"^*  w  sai>plement  oor  preseut  food  resources. 

thiv  Ik  .»\f<  -jiaui.^^ -uiuWv.  .Sf'M-A.v*.  has  already  been  mentioned  as 

■M^iivi  ■■i-".iii-.  ;^.     Tircv  AC*-  .ithifr*  wfaivh  are  w«th  examination  and 

v»tt<'  .•i  iu'  ;uv^  '•■mt^'iifii:  pi:w.-e«  tor  a  pivliminaiy  examination  of 
;iK-  ve^tjtai'ltrtf't  littiaii  :s  jt  ::ie  rsilwsid  stations  oo  the  longer  liD€S, 
ii>t' '.us^iW-'e.  :iuit  r-iniutii- :"r')m  r>fcio  :o  Kobe.  Fiv native  consnmp- 
ciou  tiiiiv  ,u>^  i>[v().wv.i  luaclie">a  boxe*  of  two  or  thie«  stori&'4, pro 
vl^It^i  itith  :bt>  :>iuit>:t;  vmd  yt-c  cmSim«sin^  <:bopsti«ks.  It  is  worth 
tlie  sbovk  It  cauMfs  I'lu-s  nervv*  to  invest  in  these  boxes  and  try  the 
vi-j;t't;»bU'  I'ontviity,  The  bit^  of  fish,  flesh,  a&d  fowl,  which  one  finds 
theiviu  ciui  be  easily  se^urited  and  discardeal.  xp»m  which  there  will  | 
tvtuiiiu  a  !«."*  Ji-lieavies.  The  pen-adin^  odor  of  ilk*^  box  is  that  of  am  ! 
uiitiif  Ntucjjsur.  The  generous  portion  of  boiled  ziix  is  of  excellent 
itDtdil.v.  with  every  grain  well  softened  and  disnavcand  thiswitbout 
iui,\  thins  else  would  snffice  for  a  tolerable  meaL  In  the  boxes  which 
ha^  e  fallen  under  my  observation  therewere  sundry  Kslml  roots,  shoots. 

•.iitiu'  -Mii  t>vt>u  iu  flavor;  Wing  eice«dinKlf  acid,  almoflt  nnruIatsMe  antil  tbffirr 
lutU'u  b,\  (tuat  ut'  autouiD,  irben  tliey  are  Bweetened  nnd  their  darnr  delirious.  h><'* 

-■  '•'■'  *"-•!>  nim'h  thd  charactt^r  ut  grapes,  and  I  am  lUnxwt  lo  tkink  woaUpiw- 

wiae."    (Ge<irfce  Catlin'H  illtiatratiniiB  uiidDiaimeis.  rostoma,  aod  too- 
'orlh  AntericaH  Jndiaim,  vol.  I,  p.  73,) 

elative  to  tlio  fluid  «f  <ivir  aboriginca,  especially  of  tbe  western  roan, 
ralitf  Race*  of  the  Pacific  Slalei  0/  -Vorf*  Amerira.  h.v  H.  II.  Bm- 
rk),  1875.  The  following,  from  vol.  i,  p.  538.  indicates  Ib»t  insctim 
;  into  th«  work:  '■  I'roiii  the  eatllest  iufurmation  we  have  ofthrt* 
author  Ih  speakinK  of  the  N'nw  Mcsicans),  "they  are  known  to  bsv* 
the  soil;  and  though  tbo  Implements  uBe<l  and  their  methodn  of  rulti- 
ith  Kiniple  and  jitimitive,  cotton,  com,  tchtal,  beans,  and  many  virif- 
hii'h  constituted  their  princijial  food  were  rnised  iu  abiindauce." 
not  {{rown  on  the  American  continent  until  after  the  landing  of  tba 
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and  seeds  which  were  not  recognizable  by  me  itt  their  cooked  form. 
Prof.  GeorgesoD,  formerly  of  Japan,  ha»  kindly  identified  some  of 
tbese  for  me,"  bnt  be  says,  "  There  are  doubtless  many  others  used  occa- 
sionally." 

One  may  find  sliced  lotus  roots,  roots  of  large  burdock,  lily  bulbs, 
shoots  of  ginger,  pickled  greeu  plam»,  beans  of  mauy  sorts,  boiled 
chestnuts,  nuts  of  the  gingko  tree,  pickled  greens  of  various  kinds, 
dried  cucumbers,  and  several  kinds  of  sea- weeds.  Some  of  the  leaves 
and  roots  are  cooked  in  much  the  same  manner  as  bcMtt-roots  and  beet- 
leaves  are  by  us,  and  the  general  effect  is  not  unappetizing.  The  boiled 
shoots  are  suggestive  of  only  the  tougher  ends  of  asparagus.  On  the 
whole,  I  do  not  look  back  on  Japanese  railway  luncheons  with  any 
longing  which  would  compel  me  to  advocate  the  indiscriminate  intro- 
duction of  the  constituent  vegetables  here. 

But  when  the  same  vegetables  are  served  in  native  iuns,  under  more 
favorable  culinary  conditions,  without  the  flavor  of  vinegar  and  of  the 
pine  wood  of  the  luncheon  boxes,  they  appear  to  be  worthy  of  a  trial 
in  our  horticulture,  and  I  therefore  deal  with  one  or  two  in  greater 
detail. 

Prof.  Georgeson,  whose  advantages  for  acqmring  a  knowledge  of  the 
useful  plants  of  Japan  have  been  unusually  good,  ha^  placed  me  under 
great  obligations  by  communicating  certain  facts  regarding  some  of  the 
more  promising  plants  of  Japan  which  are  not  now  used  here.  It 
should  be  said  that  several  of  these  plants  have  already  attracted  the 
notice  of  the  Agricultural  Department  in  this  country. 

The  soy  beau  {Qtycine  hispida).  This  Npecies  is  known  here  to  some 
extent,  but  we  do  not  have  the  early  and  best  varieties.  These  beans 
replace  meat  in  the  diet  of  the  common  people. 

Mncuna  (Mucuaa  capitata)  and  Dolichos  {Doiichoa  cultratua)  arc  pole 
beans  possessing  merit. 

IHoacorea ;  there  are  several  varieties  with  palatable  roots.  Years 
ago  one  of  these  was  spoken  of  by  the  late  Br.  Gray  us  possessing 
"excellent  roots,  if  one  could  only  dig  them." 

Colocaiia  antiquorum  has  tuberous  roots,  which  arc  nutritious. 

'pickled  daikiiD,  the  large  radish,  ofteu  grated;  ginger  roots,  Shoga;  beans 
(GIgcint  kiapida),  mna;  kindB,  anil  prepared  in  many  wayit;  beans  (DoHcho* 
cutlraliu),  cooked  in  rioe  and  mixed  with  it;  sliced  Haau,  lotos  roots;  lily  bulbs, 
boiled  whole  and  the  icalca  torn  off  aa  tliey  ara  eaten;  pickled  gr«en  pliiuia,  (Ume- 
boahi)  colored  red  iu  the  pickle,  by  the  leaves  of  I'tTilla  argula  (Shiao) ;  «liced 
and  dried  ciiciunbera,  Kiuri;  piecea  of  (iobo — roots  of  Lappa  major;  Rakkio, 
bnlbs  of  ^(JJHRt  Bakeri,  boiled  in  Shogii ;  grat«d  Waaabi,  stem  of  Eitlrema  IFaaabi; 
watercreM,  midza-tagaTashi  (not  often);  also  aometimes  pivkled  geeena  of  vari- 
ous kinds,  and  occasionally  okeatnut  kernela  boiled  and  mixed  with  a  kind  of  sweet 
aance;  nut  of  the  Ginkgo  tree;  several  kinds  of  sea- weeds  are  also  very  coiumonly 
Mn«d  with  the  ric«.     (Prof.  C.  C.  Oeorgesou  in  letter.) 
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apples  have  been  found,  which  ai'e  in  some  cases  plainly  of  small  taie, 
hardly  equalling  ordinary  crab-apples.  But,  as  Dr.  Startevant  luti 
shown,  in  certain  directions  there  has  been  no  marked  change  of  type; 
the  change  is  in  quality. 

In  comparing  the  earlier  descriptions  of  fruits  with  modem  acoounte 
it  is  well  to  remember  that  the  high  standards  by  which  fruits  are  now 
judged  are  of  recent  establishmeuL  Fruits  which  would  once  have 
been  esteemed  excellent  would  to-day  be  passed  by  as  unworthy  of 
regard. 

It  seems  probable  that  the  list  of  seedless  fruits  will  be  materitUlj 
lengthened,  provided  our  experimental  horticultarists  make  use  of  tbe 
material  at  their  command.  The  common  fruits  which  have  veiy  fev 
or  no  seeds  are  the  banana,  pineapple,  and  certain  oranges.  Otbera 
mentioned  by  Mr.  Darwin  as  well  known  are  the  bread-fruit,  pomA- 
granate,  azarole  or  Neapolitan  medlar,  and  date  palms.  In  comineot' 
ing  upon  these  fruits,  Mr.  Darwin*  says  that  most  horticulturists  "look 
at  the  great  size  and  anomalous  development  of  the  finit  as  the  cause 
and  sterility  as  the  result,"  but  he  holds  the  opposite  view  as  more 
probable;  that  is,  that  the  sterility,  coming  about  gradually,  leaves ftee 
for  other  growth  the  abundant  supply  of  building  material  which  the 
forming  seed  would  otherwise  have.  He  admits  however  that "  there 
is  an  antagonism  between  the  two  forms  of  reproduction,  by  seeds  wid 
by  buds,  when  either  is  carried  to  an  extreme  degree,  which  is  inde- 
pendent of  any  incipient  sterility." 

Most  plant  hybrids  are  relatively  infertile,  but  by  no  means  wholly 
sterile.    With  this  sterility  there  is  generally  augmented  vegetative 
vigor,  as  shown  by  Nageli.    Partial  or  complete  sterility  and  corre- 
sponding luxuriance  of  root,  stem,  leaves,  and  flower  may  come  about    , 
in  other  obscure  ways,  and  such  oases  are  familiar  to  botanists.!    Now, 
it  seems  highly  probable  that  either  by  hybridizing  directed  to  thie    I 
special  end,  or  by  careful  selection  of  forms  indicating  this  tendency  to    I 
the  correlated  changes,  we  may  succeed  in  obtaining  important  addi- 
tions to  our  seedless  or  nearly  seedless  plants.    Whether  the  ultimate 
profit  would  be  large  enough  to  pay  for  the  time  and  labor  involved  i» 
a  question  which  we  ueednotent«rinto;  thereappears  to  me  no  reaaon-     , 
able  doabt  that  such  efforts  would  be  successful.    There  is  no  reason 
in  the  nature  of  things  why  we  shonid  not  have  strawberries  without 
the  so-called  seeds,  blackberries  and  raspberries  with  only  delicioiu 
pulp,  and  large  grapes  as  free  from  seeds  as  the  small  ones  which  ve 
call  "currants,"  but  which  are  really  grapes  Irom  Corinth.  ' 

wild  Id  the  Swiss  foreets ;  at  RobenhauHeu,  bonever,  eporimens  have  oconrred  whkli 
are  nf  larger  size  and  proltalily  pultiratod.  No  trace  of  tlie  vine,  the  walDDt,  th* 
ch<'n';,  or  the  clamson  haa  yi-t  bMu  met  with,  but  stones  of  the  wild  plum  and  tfcr 
IVmiMpadiw  have  biMsu  found."    Lnbbock,  loc.  cil.,  p.  217. 

'  AnimaU  and  PlanU  under  Diimfiliealui*  (Am.  Ed.),  toI.  ii, p. 20K-20fl. 
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These  and  the  cureless  apples  aud  peaiH  of  tbe  future,  tlie  stoiieless 
cherries  and  pIoiuH,  like  the  vomiuou  fruitK  before  mentioued,  must  be 
propagated  by  bud  division,  and  be  open  to  tbe  tendency  to  dimin- 
ished strength  said  to  be  the  eouseqaeiice  of  continued  bud  propaga- 
tion. But  this  bridge  need  not  be  rrossedtuitilwecometo  it.  Bananas 
have  been  perpetuated  in  this  way  for  many  centuricH,  and  pineapples 
since  the  discovery  of  America,  so  that  the  borrowed  trouble  alluded 
to  is  not  threatening.    Kii-st  we  must  catch  our  seedless  fruits. 

Which  of  our  wild  fruits  are  promising  subjects  for  selection  and  cul- 
tivation 1 

Mr.  Oozier,  of  Michigan,  has  pointed  out"  the  direction  in  which 
this  research  may  prove  most  profitable.  He  enumerates  many  of  our 
small  fruits  and  nutswbichcau  be  improved. 

Another  of  our  most  careful  and  successful  horticulturists  believes 
that  the  common  blueberry  and  its  allies  are  very  suitable  for  this 
purpose  and  offer  good  material  for  experimenting.  The  sugarplum, 
or  so-called  sbad-bush,  has  been  improved  in  many  particulars,  and 
others  can  be  added  to  thisliHt. 

But  again  we  tnrn  very  naturally  to  Japan,  the  country  from  which 
our  gardens  have  received  many  treasures.  Referring  once  more  to 
Prof.  Georgeson's  studies,!  we  must  mentioo  the  varieties  of  Japanese 
apples,  pears,  peaches,  plums,  cherries  and  persimmons.  Tbe  persim- 
mons arc  already  well  known  in  some  parts  of  our  country  under  the 
name  "kaki,"  and  they  will  doubtless  make  rapid  progress  in  popular 
favor. 

The  following  arc  iess  familiar: 

Actittfdia  arguia  and  rohtbilts,  with  delicious  berries; 

StauHtonia,  an  evergreen  vine  yielding  a  palatable  fruit; 

Myrica  rubra,  a  small  tree  with  an  acidulous  juicy  fruit; 

EUcafftim  umbellata,  with  berries  for  preserves. 

The  active  and  discriminating  horticultural  Journals  in  America  and 
Europe  are  alive  to  the  possibilities  of  new  Japanese  fruits,  and  it  can 
not  be  very  loug  before  our  list  is  cousiderablyincrosed. 

It  is  absolutely  nei^essary  to  recollect  that  in  most  cases  variations 
are  slight.  Dr.  Masters  and  Mr.  Darwin  have  called  attention  to  this 
and  have  adduced  many  illustrations,  all  of  which  show  the  necessity 
of  extreme  patien<:e  and  caution.  The  general  student  curious  in  such 
matters  can  have  hardly  any  task  more  instructive  than  the  detection 
of  tbe  variations  in  such  common  plants  as  the  blueberry,  the  wild 
cherry,  or  the  like.  It  is  an  excellent  ])rcparatiou  for  a  prsictical  study 
of  the  variations  in  our  wild  fruits  suitable  for  selection. 

It  was  held  by  the  late  Dr.  Gray  that  the  variations  in  nature  by 
which  species  have  been  evolved  were  led  along  useful  lines,  a  view 
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wbicti  Mr.  Darwin  logretted  be  could  uot  vutcrtaiu.  However  this  may 
be,  all  iK'kuowlcdge  that  by  the  band  of  the  vultivatur  variations  cau 
be  led  aloug  useful  lines ;  and  furthermore  the  hand  wUieh  selects  must 
uphold  theoi  in  their  UDequal  strife.  In  other  wordK,  it  is  one  tbin^  to 
select  a  variety  and  another  to  assist  it  iu  luatntainiug  its  hold  apon 
existence.  Without  the  constant  help  of  the  cultivator  who  selects  the 
useful  variety,  there  comes  a  revei'sion  to  the  ordinary  speciAc  type 
which  is  fitted  to  cope  with  its  surroundings. 

1  think  you  cau  agree  with  me  that  the  prospect  for  new  finits  and 
for  improvements  iu  our  established  favorites  is  fairly  good. 

IV. — TIMBEBS  AND  CABINET   WOODS. 

Can  we  look  for  new  timbers  and  cabinet  woodsl  Comparatively  few 
of  those  iu  common  use  are  of  recent  introduction.  Attempts  have  be^ 
made  to  bring  into  great  prominence  some  of  the  excelleut  trees  of  India 
and  Australia  which  furnish  wood  of  much  beauty  and  timber  of  tbe 
l>est  quality.  A  large  proportion  of  all  the  timbers  of  the  t^nth  Seas 
are  characterized  by  remarkable  firmness  of  texture  and  high  specific 
gravity.^  The  same  Ik  jioticed  iu  many  of  the  woods  of  the  Indies. 
A  few  of  the  heavier  and  deusci'  .sorts,  like  Jarrah,  of  West  Australia, 
and  sabicn,  of  the  Caribbean  Islands,  have  met  with  deserved  favor  in 
England,  bat  the  cost  of  transportation  militates  agaiust  them.  It  is 
a  fair  ciucstion  whether,  in  certain  parts  of  our  country,  these  trees  and 
others  which  can  be  utilized  for  veneers  may  not  bo  cultivated  to  ad- 
vantage. Attention  should  be  again  called  to  the  fact  that  many 
plants  succeetl  far  better  iu  localities  which  are  remote  from  their 
origin,  but  where  they  find  conditions  substantially  like  those  which 
they  have  left.  This  fact,  to  which  we  must  agaiu  refer  in  detail  with 
regard  to  certain  other  classes  of  plants,  may  have  some  bearing  upon 
the  introduction  of  new  timber  trees.  Certain  drawbacks  exist  with 
regard  to  the  timber  of  some  of  the  more  rapidly  growing  hard-wood 
trees  which  have  pzevented  their  taking  a  high  place  in  the  scale ol 
values  in  mechanical  engineering. 

Cue  of  ttie  most  useful  soft-wooded  trees  in  the  world  is  the  kaoii. 
It  is  restiicted  in  its  range  to  a  comparatively  small  area  iu  the  North 
Island  of  New  Zealand.  It  is  uow  being  cut  down  with  a  recklessness 
whicli  is  us  protltgal  and  shameful  as  that  which  lias  marked  our  own 
treatment  of  forests  here.  It  should  be  said  however  that  this  de- 
struction is  under  protest,  in  spite  of  which  it  would  seem  to  be  a 
question  of  only  a  few  years  when  the  great  kauri  groves  of  Sew  Zea- 
land will  be  H  thing  of  the  past.  Our  energetic  forest  department  lias 
on  its  hands  problems  just  like  this  which  peri>lexes  one  of  the  new 
lands  of  the  south.  The  task  in  both  cases  is  double,  to  preser\'e  the 
old  trcii,snres  and  to  bring  in  new. 

■  fw/W  .VnJire  Ptanin  o/  Auntialia,  by  J.  li.  Moi.lta,  Sjdnte^k' 
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The  energy  ehown  by  Baron  von  MneUer,  the  renowned  Government 
botanist  of  Victoria,  and  by  various  forest  departments,  in  enconrag- 
ing  the  cultivation  of  timber  trees  will  assuredly  meet  with  successj 
one  can  hardly  hope  that  this  success  will  appear  fully  demonstrated 
in  the  lifetime  of  those  now  living,  but  I  can  not  think  that  many  years 
will  pass  before  the  promoters  of  such  enterprises  may  tiibe  fresh 
courage, 

In  a  modest  atiucture  in  the  city  of  Sidney,  New  South  Wales,  Mr. 
Maiden*  has  brought  together,  under  great  difficnUies,  a  large  collec- 
tion of  the  useful  products  of  the  vegetable  kingdom  as  represented 
in  Australia.  It  is  impossible  to  look  at  the  collection  of  woods  in  that 
museum  or  at  the  similar  and  more  showy  one  in  Kew,  without  believ- 
ing that  the  field  of  forest  culture  must  receive  rich  material  fn)m  the 
Southern  Hemisphere. 

Before  leaving  this  part  of  our  subject,  it  may  be  well  to  take  some 
illastrations  in  passing,  to  show  how  important  is  the  influen<^e  exerted 
upon  the  utilization  of  vegetable  products  by  causes  which  may  at  first 
strike  one  as  being  rather  remote: 

(1)  Photography  makes  u^e  of  the  effect  of  light  on  chromatizetl 
gelatin  to  produce  under  a  negative  the  basis  of  relief  plates  for  en- 
graving. The  degree  of  excelleneu  reache<l  in  modifications  of  this 
simple  device  has  distinctly  threatened  the  very  existence  of  wood  en- 
graving, and  hence  follows  a  diminished  degree  of  interest  in  box- 
wood and  its  subsritut«s. 

(2)  Iron,  and  in  its  turn  steel,  is  used  in  shipbuilding,  and  this  ren- 
ders of  greatly  diminished  interest  all  questiima  which  concern  the 
choice  of  different  oaks,  and  similar  woods. 

(3)  Bnt  on  the  other  hand  there  is  increased  activity  in  certain  di- 
rections, best  illustrated  by  the  extraordinary  development  of  the 
chemical  methods  for  manufacturing  wood  pulp.  By  the  improved 
processes,  strong  fibers  suitable  for  fine  felting  on  the  screeu  and  fit 
for  the  best  grades  of  certain  lines  of  paper  are  given  to  us  from  rather 
inferior  s«)rt3  of  wood.  He  would  beanish  prophet  who  should  ventui'e 
to  predict  what  will  be  the  future  of  this  wondertiil  industry,  bnt  it  is 
plain  that  the  time  in  not  far  disUvnt  wheii  acres  now  worthless  may  l)e 
covered  by  trees  under  cultivation,  growing  for  the  pulp-maker. 

There  is  no  department  of  economic  botany  more  promising  In  im- 
mediate results  than  that  of  arboriculture. 

V. — VEGETABLE   FIBER.S. 

The  vegetable  fibers  known  to  commerce  are  either  plant  hairs,  of 
which  we  take  cotton  as  the  type,  or  filaments  of  bast-tissue,  repre- 
sented by  flax.  No  new  plant  hairs  have  been  suggested  which  can 
compete  in  any  way  for  spinning  witli  those  yieldeil  by  the  species  of 
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goss^'pium,  or  cotton,  but  experiments  more  or  less  systematic  »iid 
thorough  are  being  carried  on  witii  regard  to  tbe  improTcment  of  the 
varieties  of  the  species.  Plant  hairs  for  the  stuffing  of  cashions  aai 
pillows  need  not  be  referred  to  in  counection  with  this  subjet-t. 

Countless  sorts  of  plants  have  been  suggested  as  sources  of  good 
bast-fibers  for  spinniog  and  for  cordage,  and  many  of  these  make  capital 
substitutes  for  those  already  iu  the  factories,  but  the  questions  of  cheap- 
ness of  production,  and  of  subsequent  preparation  for  ase,  have  thus  far 
militated  against  success.  There  may  be  much  difference  between  the 
profits  promised  by  a  laboratory  esperiment  and  those  resulting  from 
tbe  same  process  conducted  on  a  commercial  scale.  The  esistence  o( 
such  difference  has  been  the  rock  on  which  many  enterprises  seeking  to 
introduce  new  fibers  have  lieen  wrecked. 

In  dismissing  this  portion  of  our  subject,  it  may  be  said  that  a  proc- 
ess for  separating  fine  fibers  from  undesirable  structural  elements,  and 
l^om  resin-like  substances  which  accompany  them,  is  a  great  desidera- 
tum. If  this  were  supplied  many  new  species  would  assume  great 
promiuence  at  once. 

VI.— TANNlNtr  MATERIALS. 

What  new  tauniug  materials  can  be  confidently  sought  for?  Id  his 
Use/ill  Native  Plants  of  Australia,  Mr.  Maiden  describes  over  thirty 
xpecies  of  "Wattles"  or  Acacias,  and  about  half  as  many  Kucalypts, 
which  have  been  examined  for  the  amount  of  tanning  material  contained 
in  tbe  bark.  In  all,  eighty-seven  Australian  species  have  been  under 
examination.  Besides  this,  much  has  been  done  looking  in  the  same 
direction,  at  tbe  suggestion  and  under  the  direction  of  Baron  von 
Mueller,  of  Victoria^  This  serves  to  indicate  how  great  is  the  interest  in 
this  subject  and  how  wide  is  the  field  in  our  own  country  for  the  intro- 
duction of  new  tanuing  plants. 

It  seems  highly  probable  however  that  artificial  tanning  substances 
will  at  no  distant  day  replace  the  crude  matters  now  employed. 

VII. — RESINS,   ETC, 

Besins,  oils,  gums,  and  medicines  from  the  vegetable  kingdom  would 
next  engage  our  attention  if  they  did  not  seem  rather  too  technical  for 
this  occasion  and  to  possess  an  interest  on  the  whole  somewhat  too 
limited,  but  an  allied  substance  may  serve  to  represent  this  class  of 
products  and  indicate  the  drift  of  present  research. 

India  Bubber." — Under  this  term  are  included  numerous  substances 
which  possess  a  physical  and  chemical  resemblance  to  eiwh  other.  An 
Indian  Ficim,  the  early  source  of  supply,  soon  became  inadequate  to 
furnish  the  quantity  used  in  tiie  arts  even  when  the  manipulatiou  of 
"'bbiT  was   almost    unknown.    Later,   supplies  came  from  Serea  of 
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Brazil,  generally  kaown  as  Para  rubber,  and  Irom  Castilha,  someCimes 
called  Ceutra]  American  Rubber,  and  from  Manihot  Olaztovii  Ceara 
robber.  Not  only  are  tbese  plants  now  anccessfully  cultivated  in  ex- 
perimeDtal  gardens  in  tbe  tropics,  but  many  other  rubber -yielding 
species  bave  been  added  to  the  list.  Tbe  Landolpbias  are  iimong  tbe 
most  promising  of  tbe  whole:  these  are  tbt-  African  rubbers.  Now  in 
addition  to  theHc  which  are  tbe  cliief  source  of  supply,  we  have  Wit- 
tugkbeia,  from  tbe  Malayan  Peninsula,  Leuconotis,  CkHocarpug,  Alsto- 
nia,  Forsteronta,  and  a  species  of  a  genus  formerly  known  as  Urostigma, 
bat  now  united  with  Ficu«.  These  names,  whicli  bave  little  signifi- 
cance as  they  are  here  pronounced  in  passing,  are  given  now  merely  to 
impress  upon  our  minds  the  fact  that  tbe  sources  of  a  single  commer- 
cial article  may  be  exceedingly  diverse.  Under  these  circumstances 
search  is  being  made  not  only  for  tlie  best  varieties  of  these  species 
but  for  new  species  as  well. 

There  are  few  excursions  in  tbe  tiopjcs  which  possess  greater  inter- 
est to  a  botanist  who  tares  for  the  industrial  aspects  of  plants  than  the 
walks  through  tbe  gardens  at  Iluitenzorg  in  Java  and  at  Singapore. 
At  botb  these  stations  the  experimental  ganlens  He  at  some  distance 
bom  tbe  great  gardens  which  the  t^turist  is  expected  to  visit,  but  the 
exertion  well  repays  him  for  all  discomfort.  Under  the  almost  vertical 
rays  of  the  sun,  are  here  gathered  the  rubber -yielding  plants  from  dif- 
ferent conntries,  all  growing  under  conditions  favorable  for  decisions 
as  to  their  relative  value.  At  Buitenzorg  a  well-equipped  laboratory 
stands  ready  to  answer  practical  questions  as  to  quality  and  compo- 
sition of  their  products,  and  year  by  year  tlie  seai-ch  ext«nds. 

I  mention  this  not  as  an  isolated  example  of  what  is  being  accom- 
plished in  commercial  botany,  but  as  a  fair  illustration  of  the  thor- 
oughness with  which  the  problems  are  being  attacked.  It  should  be 
fhrtber  stated  that  at  the  garden  in  question  assiduous  students  of  tbe 
subject  are  eagerly  welcomed  and  are  provided  with  all  needed  appli- 
ances for  carrying  on  technical,  chemical,  and  pharmaceutical  investi- 
gations. Therefore  I  am  Justified  in  saying  that  there  is  every  reason 
for  believing  that  in  the  very  near  future  new  sources  of  our  most  im- 
portant products  will  be  opened  up  and  new  areas  placed  under  suc- 
cessful cultivation. 

At  this  point  attention  must  be  called  to  a  very  modest  and  con- 
venient handbook  on  the  Commercial  Botany  of  the  Nineteenth  Cen- 
tary  by  Mr.  Jackson  of  the  Botanical  Museum  attached  to  the  Royal 
Gardens,  Kew,  which  not  only  embodies  a  great  sunount  of  well-arranged 
information  relative  to  the  new  usefnl  jilants,  but  is  at  the  same  time 
a  record  of  the  existing  state  of  things  in  all  these  departments  of 
activity. 


L:,y,l,.euL7G00^lc 


640       SOME  OP  THE  POSBIBILiriEB  OF  ECONOMIC  BOTAKT, 
Tin. — FBAGEAMT  FUJ4TS. 

Another  illustratJOD  of  our  subject  might  be  drawn  from  a  clara  of 
plants  which  repays  close  study  from  a  biological  point  of  viev,  namely, 
those  which  yield  perfumer. 

In  speaking  of  the  futnreof  our  fragrant  plants  we  mast  distinguiBli 
between  those  of  commercial  value  and  those  of  purely  horticnltaral 
interest.  The  former*will  be  less  and  less  cultivated  in  proporttou  as 
synthetic  chemistry  by  its  manufacture  of  perfumes  replaces  the  natu- 
ral by  the  artificial  products,  for  example,  ooumarin,  vanillin,  uerolin, 
heliotropin,  and  even  oil  of  wintergreen. 

But  do  not  understand  tne  as  intimating  that  chemistry  can  erw 
iUrnish  substitutes  for  living  fragrant  plants.  Onr  gardens  will  always 
be  sweetened  by  them,  and  the  possibilities  in  this  direction  will  con- 
tinue to  extend  both  by  contributiouB  from  abroad  and  by  improve- 
ment in  our  present  cultivated  varieties.  Among  the  foreifni  acquisi- 
tions there  are  the  fragrant  species  of  Andropogon.  Who  would  suspect 
that  the  ti-opical  relatives  of  our  sand-loving  grasses  are  of  high  com- 
mercial value  as  sources  of  perfomery  oils? 

The  utility  to  the  plant  of  fragrance  in  the  flower  and  the  relation  of 
this  to  cross- fertilization,  are  apparent  to  even  a  casual  observer.  Bnt 
the  fragrance  of  an  aromatic  leaf  does  not  always  give  us  the  reason 
for  its  being. 

It  has  been  suggested  for  certain  cases  that  the  volatile  oils  escaping 
from  the  plants  in  question  may,  by  absorption,  exert  a  direct  influence 
in  mitigating  the  fierceness  of  action  of  the  sun's  rays.  Other  explaoa- 
tions  have  also  been  made,  some  of  which  are  even  more  fancilnl  than 
the  last. 

When  however  one  has  seen  that  the  ;)romatic  plants  of  Austrftlia 
are  almost  free  from  attacks  of  iusects  and  Aiugi,  and  has  learned  b* 
look  on  the  impreguating  substances  in  some  cases  as  protective  agamBt 
predatory  insects  and  small  foes  of  all  kinds,  and  in  others  as  faogi- 
cidal,  he  is  tempted  to  ask  whether  all  the  substances  of  marked  odor 
which  we  find  in  certain  groups  of  plants  may  not  play  a  similar  itle. 

It  is  a  fact  of  great  intei'est  to  the  surgeon  that  in  many  plants  there 
is  associated  with  the  fragrant  principle  a  marked  antiseptic  or  fiuij^- 
crdal  quality;  conspicuous  examples  of  this  are  afforded  by  species  of 
E«cn?jfp(««,  yielding eucalyptol,  Styrax,  yielding  styrone,  Tkymutyidd- 
ing  thymol.  It  is  interesting  to  note  too  that  some  of  these  most 
modem  antiseptics  were  important  constituents  in  the  balsamic  vnl- 
neraries  of  the  earliest  surgery. 

IX. — PLORISTtJ'   PLANTS. 

Florists'  plants  and  the  floral  fashions  of  the  future  constitute  »n  en- 
!;aging  subject  which  we  can  touch  only  lightly.  It  is  i«asonably  t-lear 
that  whUe  the  old  favorite  species  will  hold  their  gronnd  in  the  gaJM 
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of  improved  varieties,  the  new  iuttoductious  will  come  iu  the  shape  of 
plmte  with  flowering  branches  which  retain  their  blosaoms  for  a  some- 
what long  period,  and  especially  thoae  in  which  the  flowers  precede  the 
leaves.  In  short  the  next  teal  fashion  in  our  gardeus  is  probably  to  be 
the  flowering  shurb  and  flowering  tree,  like  those  which  are  such  favor- 
ites in  the  conntry  from  which  the  Western  world  baa  gladly  taken  the 
gift  of  the  chrysanthemum.* 

Twice  each  year  of  late  a  reception  has  been  held  by  the  Emperor 
and  Empress  of  Japan.  The  receptions  are  iu  autumn  and  in  the 
spring.  That  in  the  autumn,  popularly  know  as  the  Emperor's  recep- 
tion, has  foritsfloraldecorationsthemyriad  forms  of  the  national  flower, 
the  chrysautbemum ;  that  which  is  given  in  spring,  the  Empress's  recep- 
tion, comes  when  the  cherry  blossoms  are  at  their  best.  One  has  little 
idea  of  the  wealth  of  beauty  in  masses  of  flowering  sborbs  and  trees, 
until  he  has  seen  the  floral  displays  in  the  Imperial  Oudens  and  the 
Temple  grounds  in  Tokio. 

To  Japaut  and  China  also  we  are  indebted  for  many  of  the  choicest 
l)lantn  of  oar  gardens,  but  the  supply  of  si>e€4e8  is  by  no  means  ex- 
hausted. By  far  the  larger  number  of  the  desirable  plants  have  al- 
ready found  their  way  iuto  the  hands  of  cultivators,  but  often  under 
conditions  which  have  restricted  their  dissemination  through  the  flower- 
loving  community.  There  are  many  which  ought  to  be  widely  known, 
especially  the  fascinating  dwarf  shrubs  and  dwarf  trees  of  the  far  East, 
.rhich  are  sure  to  find  sooner  or  later  a  warm  welcome  among  ns. 

X.— POEAGE  PLANTS. 

Next  to  the  food  plants  for  man,  there  is  no  single  class  of  commer- 
cial plants  of  greater  interest  than  the  food-plants  for  flocks  and  herds. 
Forage  plants,  wild  and  cultivated,  are  among  the  most  important  and 
highly  valued  resources  of  vast  areas.  No  single  question  is  of  more 
vital  consequence  to  our  farthest  West  and  Southwest. 

It  so  happens  that  the  plants  on  which  the  pastoralist  relies  grow 
or  are  grown  on  soil  of  inferior  value  to  the  agriculturist.  Even  soil 
whit^h  is  almost  sterile  may  possess  vegetation  on  which  flocks  and 
herds  may  graze,  and  further,  these  animals  may  thrive  in  districts 
where  the  vegetation  appears  at  first  sight  too  scanty  or  too  forbidding 
even,  to  support  life.  There  are  immense  districts  in  partsof  the  Aus- 
tralian continent  where  flocks  are  kept  on  plants  so  dry  and  desert- 

*  The  Flowfrt  of  Japan  and  the  Art  of  Floral  ArraHgemviit.  Dy  Joaiah  Couder. 
p.  R.  I.  B.  A.,  Architect  to  tlie  Imperial  JtipAti«Be  Oovernment.  Yokoboma,  1891. 
See  also  two  other  works  b;  tfae  same  author:  Theory  of  Japantte  Floteer-arrangt- 
««■(«,  and  Art  of  iMndieapf-gardeniitg  in  Japan.     (1686.) 

H.  Mis.  334,  pt.  1 41 
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like  that  an  inexperienced  person  would  pass  them  by  as  not  fit  fbr 
his  sheep;  and  yet,  as  Mr.  Samuel  Dixon*  has  well  shown,  these  plante 
are  of  high  uotritive  value  and  are  attractive  to  docks. 

RelegatiDg  to  the  foot-iiot«s,  brief  descriptions  of  a  few  of  the  fodder 
plants  suggested  for  use  in  dry  districts,  I  shall  now  mention  the  salt 
bnshes  of  various  sorts,  and  the  allied  desert  plants  of  Anstralia  as 
worth  a  careful  trial  on  some  of  our  very  dry  regions  iu  the  farthest 
west.  There  are  numerous  other  excellent  fodder  plants  adapted  to  dry 
but  not  parched  areas  which  can  be  brought  iu  from  the  correspoudiug 
districts  of  the  southern  hemisphere  and  from  the  East. 

At  an  earlier  stage  of  this  address,f  I  have  bad  occasion  to  refer  to 
Baron  Vou  Mueller,  whose  efforts  lookiug  towards  the  introdaction  oi 
nsef\]l  plants  into  Australasia  have  been  aided  largely  by  his  voDvenient 
treatise  on  economic  plants.  It  may  be  said  iu  connection  with  the 
fodder  plants,  especially,  that  mach  which  the  Baron  has  written  can 
be  applied  mutatis  mutandi*  to  parts  of  our  own  ooaotry. 

The  important  subject  of  introdncing  fodder  plants  has  been  purposely 
reserved  to  the  last  becaose  it  permits  us  to  examine  a  practical  pomt 
of  great  interest-.  This  is  the  caution  which  it  is  thought  necessary 
to  exercise  when  a  species  is  transferred  by  our  own  choice  bxtm  one 
country  to  another.  I  say,  by  our  choice,  for  whether  we  wish  it  or  not 
certain  plauts  will  introduce  themselves.  In  these  days  of  frequent 
and  intimate  inter  communication  between  different  countries  the  exclu- 
sion of  foreign  plants  is  simply  impossible. '  Our  common  weeds  are 
striking  illustrations  of  the  readiness  with  which  plauts  of  one  country 


*  Ur.  Siunuol  Dixou't  list  is  in  vol.  viii  (fur  lfKM-%)  of  lh«  Tran*aclioai  amd  Pn- 
rtnUngt  and  Brport  of  the  Itofal  t-orieljf  of  foulk  Jutlittlia.  Adelaide,  G.  BolierlMin, 
ISS^.  ISunaria  tpinoaa,  •'  n  gcxHl  sUDiMiy,''  after  tlie  grasoca  dry  up.  FomaJtrrii 
rorraiou,  "stands  stotkiiig  well."  nilotporam  pkgllaeroidrt,  "sheep  cicrediDKly 
partial  to  its  foliaiie.  '  ('ii«ifitriira  quadriralTt;  "  tondeniiwe  of  fiber,  wool  would  be 
reprrseuted  by  il  in  oar  fluer  wool  districts. "  Jcaeiai,  Tlie  Wallles;  "  value  as  an 
astriu^etit,  very  great, "  beiug  curative  of  a  malady  ofl<-ii  caused  bj  i-»tiiiK  fruMn 
gruaa.  Ataeiamnmra  (niulga);  "  muft  be  very  uutritiuuB  to  nil  auiuials  eating  it." 
Tbis  is  tb?  plant  which  is  Riicb  a  terror  U<  tbe  Htm-kinep  nlio  liavu  to  riile  through 
the  "scrub.  "  Cauia.  some  of  the  si>eciee  with  good  i)odsand  leaves  for  Htiecp.  The 
foregoing  are  fooud  in  districts  vcbich  ant  not  nbiilly  arid.  The  following  areuoi« 
properly  "dry ''i>labts.  -"^ida pr>ropkila,  "as  much  liked  by  sheep  as  by  maraDpialH. " 
Dodomant  ritrota.  Native  Hop-bubb;  "likes  warm,  red,  sandy gnmnil."  Lfcitmam- 
fiwlf,  "dnmght  uiver  seetna  to  affect  it."  Koekia  apiglla:  -Ml  kiuds  of  stock  :in 
often  largely  dependent  on  it  during  ]trotrarled  droiigbtf. "  Itkagodia  parabolifo: 
''Produces  a  good  deal  of  foliai^. "  Jlriplei  rrticeria:  "Can  be  readily  );rowii 
wherever  Ibecliuiale  is  not  twi  wet."  [bavetiauaferredonly  tbose  nhichMr.  Diion 
tbinka  luott  worthy  of  trial.  rotu)>«re  .tiso  I'r.  Vaaey'iiraUiablcstudiesof  the  plant* 
of  our  dry  landn.  especially  GntH'i'a  nnd  foni)n>  plauts  (ltn')!<).Graa»ea  of  the  ariddi*' 
tricta  of  Kansas.  Nchntaka.  and  Colorado  (1686),  Grasses  of  the  Sooth  (1887). 

t  See  foot-note  at  pagea  617, 618. 
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make  for  tliemselves  a  home  in  another. '  All  but  two  or  the  prominent 
weetlx  of  the  Eastern  Stat-ea  are  forei^  intruders. 

There  are  all  grades  of  persistence  in  these  immigraats.  Near  the 
ballast  grounds  of  every  harbor,  or  the  fields  close  by  woolen  and  paper 
mills  where  foreign  stock  is  used,  yon  will  observe  many  foreign  plants 
which  have  been  introduced  by  seed.  For  many  of  these  you  will 
oeareb  in  vain  a  second  year.  A  few  others  persist  for  a  year  or  two 
longer,  but  with  uncertain  tenure  of  the  land  which  they  have  invaded; 
others  still  have  come  to  stay.  But  happily  some  of  the  intruders  which 
seem  at  first  to  gain  a  firm  foothold,  lose  their  i^round  after  a  while. 
We  have  a  conspicuous  examplcof  this  in  a  hawk- weed,  which  was  very 
threatening  in  Kew  England  two  years  ago,  but  is  now  relaxing  its  hold. 

Another  illustration  is  afforded  by  a  water  plant  which  we  have 
given  to  the  Old  World.  This  plant,  called  in  our  botanies  Anaekarit, 
or  Elodea,  is  so  far  as  I  am  awaie  not  troublesome  in  our  ponds  and 
water  ways,  but  when  it  was  carried  to  England,  perhaps  as  a  plant 
for  the  aquarium,  it  was  thrown  into  streams  and  rivers  with  a  free 
band.  It  spread  with  remarkable  rapidity  and  became  such  an  unmit- 
igated nuisance  that  it  was  called  a  curse.  Efforts  to  extirpate  it 
merely  increased  its  rate  of  growth.  Its  days  of  mischief  are  how- 
ever nearly  over,  or  seem  to  be  drawing  to  a  close,  at  least  so  Mr. 
Lynch,  of  the  Botanic  Garden  in  Cambridge,  England,  atid  others  of 
Diy  informants  think.  The  history  of  the  plant  shows  thiit  even  under 
conditions  which  so  far  as  we  can  see,  are  identical  with  those  under 
which  the  plant  grew  in  its  home,  it  may  for  a  time  take  a  fresh  lease 
of  life  and  thrive  with  an  undreamed-of  energy. 

What  did  Anarharh  find  in  the  waters  of  England  and  the  continent 
that  it  did  not  have  at  home,  and  why  should  its  energy  begin  to  wane 
nowl 

In  Australasia  one  of  the  most  striking  of  these  intruders  is  sweet- 
briar.  Introduced  as  a  hedge  plant  it  has  run  over  certain  lauds  like 
a  veed,  and  disputes  every  acre  of  some  arable  plats.  From  the  fa- 
cility with  which  it  is  propagated,  it  is  almost  inerndicable.  There  is 
something  astounding  in  the  manner  in  which  it  gains  and  holds  its 
ground.  Gorse  and  l)ranibles  and  thistles  are  troublosonie  in  some 
localities,  and  they  prove  unch  less  easy  to  control  than  in  Euroi>e, 
The  effect  produced  on  the  mind  of  the  colonist  by  these  intruding 
pests  is  everywhere  the  same.  Whenever  in  an  exaniiiiatiou  of  the 
plants  likely  to  be  worthy  of  trial  in  our  American  dry  lands  the  sub- 
ject was  mentioned  by  me  to  Australians,  I  was  always  enjoiued  to  be 

*  Tbfl  weeds  of  (ierman  gitnlens  anil  aj^ricultaral  1aD<l8  are  mostly  rrom  Mediterra- 
nean rei;i"OS,  liut  the  iuvaaiunn  iti  tlK'uucnltivateddiatnctKnrechieflj'ftomAuieriea 
(sucb  aaOmolhera,  Mimulvs,  Rvdbeckia).  Hutibnch  Aer  P/anxemgeograpkie,  von  Dr. 
Omu  Drude  (Stuttgart),  1890,  p.  97. 
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cautiouH  an  to  what  plants  I  migtit  suggest  for  iotroductioD  from  their 
coiintry  into  our  own.  My  good  frieuds  insisted  that  it  was  bad 
enough  to  bave  as  pests  tlie  plants  wbicb  come  in  without  our  planning 
or  i^boice,  and  this  caution  seems  to  me  one  which  should  not  be 
forgotten. 

It  would  take  us  too  far  from  our  path  to  iuqoire  what  can  be  the 
jtoBsiblc  reasons  for  such  increase  of  vigor  and  fertility  in  plants  which 
iwi'  transferred  to  a  new  home.  We  should  bave  to  examine  all  the 
suggestions  which  have  been  made,  such  as  fresh  soil,  new  skies, 
mon^  efticieut  animal  friends  or  less  destructive  enemies.  We  should 
1)0  obliged  also  to  see  whether  the  possible  wearing  out  of  the  energy 
of  some  of  these  plants  after  a  time  might  not  be  attributable  to  the 
ilei-odence  of  vigor  through  uninterrupted  bud  propagatioo,  and  we 
shouhl  have  to  allude  to  many  other  questions  allied  to  these.  Bat  for 
this  time  fails. 

Lack  of  time  also  renders  it  impossible  to  deal  with  the  questions 
which  attach  themselves  to  our  main  question,  especially  as  to  the 
limits  of  effect  which  cultivation  may  produce.  We  can  not  tonch  the 
problem  of  inheritance  of  acquired  peculiarities,  or  the  manner  in  which 
cultivation  predisposes  the  plant  to  innumerable  modifications.  Two 
of  these  modifications  may  be  mentioned  in  passing,  because  they  serve 
to  exemplify  the  practical  character  of  our  subject. 

('ultivatioo  brings  about  in  plauts  very  curious  mori>bological 
(changes.  For  example,  in  the  ease  of  a  well-known  vegetable,  the  num 
ber  of  metamorphosed  tyi>e  leaves  forming  the  ovary  is  two,  and  yet 
iinder  cultivation  the  number  increases  irregularly  until  the  full  nnm- 
her  of  units  in  the  type  of  the  flower  is  reached.  Prof.  Bailey,  of  Cor- 
nell, has  called  attention  to  some  further  interesting  changes  iu  the 
tomato,  but  the  one  mentioned  suffices  to  illustrate  the  direction  of 
variation  which  plants  under  cultivation  are  apt  to  take.  Monstrosi- 
ties are  very  apt  to  occur  in  cultivated  plants,  and  under  certain  condi- 
tions may  be  perpetuated  in  succeeding  generations,  thus  widening  the 
Hl^ld  IVom  which  nttlizable  itlants  may  be  taken. 

Another  case  of  change  produced  by  cultivation  is  likewise  as  yet 
wholly  unexphiined,  although  much  studied,  namely,  the  mutual  inter- 
action of  scion  and  stock  in  grafting,  budding,  and  the  like.  It  is 
probable  that  a  further  investigation  of  this  subject  may  yet  throw 
light  on  new  i>ossibilities  iu  plants. 

We  have  now  arrived  at  tlie  most  practical  question  of  all,  namely, 

Iu  what  way  can  the  range  of  commercial  botany  be  extended!  In 
what  niaiiucr  or  by  what  means  can  the  introduction  of  new  species  be 
hastened! 

It  is  i«>asible  that  some  of  you  are  aware  of  the  great  amonotof 
nncO'Onlinaled  work  which  has  been  done  and  is  now  in  hand  in  the 
•" — "~  of  bringing  in  new  plants. 
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The  competitiuD  between  tlio  importers  of  new  plants  is  so  great 
both  in  the  Old  World  and  the  New  that  a  very  largo  proportion  of 
the  si>ecies  which  would  iiatiimlly  commend  tliemselves  for  the  use  of 
florists,  for  the  ndornmeiit  of  greenhouses,  or  for  conmiercial  ends, 
have  been  at  one  time  or  another  brought  before  the  public,  or  are  be- 
ing accamulated  in  stock.  The  same  is  tnie,  although  to  »  less  extent, 
with  regard  to  useful  vegetables  and  fruit.  Hardly  one  of  those  which 
we  can  suggest  as  desirable  for  trial  has  not  already  been  investigated 
in  Europe  or  this  country  and  reported  on.  The  pages  of  our  chemi- 
cal, pharmaceutical,  medical,  horticultorat,  agricultural,  and  trade 
journals,  especially  those  of  high  grade,  contain  a  wealth  of  material 
of  this  character. 

But  what  is  needed  is  tbis,  that  tbe  promising  plants  should  be  sys- 
tematically investigated  under  exhaustive  conditions.  It  is  not  enough 
that  an  enthusiast  here  or  an  amateur  there  should  give  a  plant  a  trial 
under  imperfectly  understood  conditions  and  then  report  success  or 
failure.  The  work  should  be  thorough  and  every  question  answered 
categorically,  so  that  we  might  lie  placred  in  possession  of  all  the  facts 
relative  to  the  object  experimented  hx>ou.  But  such  an  undertaking 
requires  the  c«-operation  of  many  different  agencies.  I  shall  venture 
to  mention  some  of  these. 

lu  the  first  place,  boUnic  ganlens  amply  endowed  for  research. 
The  Arnold  Arboretum,  the  Shaw  Garden,  and  the  Washington  Exjjer- 
■mental  Garden  are  American  illustrations  of  what  is  needed  for  this 
purpose.  University  gardens  have  their  place  in  instruction,  but  can 
not  wisely  undertake  this  kind  of  work. 

In  the  second  place,  museums  and  laboratories  of  economic  bot- 
any. Much  good  work  in  this  direction  has  been  done  in  this  country  . 
by  the  National  Museum  and  by  the  department  in  charge*  of  the  inves- 
tigation of  new  plants.  We  need  institutions  like  those  at  Kew  in 
England,  and  at  Buitenzorg  in  Java,  which  keep  in  close  touch  with 
all  the  world.  The  founding  of  an  establishment  on  a  scale  of  magni- 
tade  commensurate  with  the  greatness  and  needs  of  our  country  is  an 
uudertakins  which  waits  for  some  oue  of  our  wealthy  men. 

in  the  third  place,  experimental  stations.  These  may,  within  the 
proper  limits  of  tlieir  sphere  of  act  ion,  extend  the  study  of  plants  beyond 
tbe  established  varieties  to  the  species,  and  beyond  the  species  to 
equivalent  species  in  other  genera.  It  is  a  matter  of  regret  that  so 
much  of  tbe  energy  displayed  in  these  stations  in  this  country,  and  we 
may  say  abroad,  has  not  been  more  economically  directed. 

Great  econonjy  of  energy  must  result  from  the  recent  change  by 
which  co-onlination  of  action  is  assured.  The  influence  which  tbe  sta- 
tions must  exert  on  the  welfare  of  our  country  and  tbe  development  of 
its  resources  is  incalculable. 

'The  list  of  economk  plantn  piibliaheil  by  the  Department  in  WakblngJ^^d^V^ 
markably  full,  and  is  in  everj  tray  creditable  to  tboHe  in  charge. 
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In  the  last  pliice,  but  by  no  means  least,  the  co  operation  of  all  who 
are  interested  in  scientific  matters,  through  their  observation  of  isolated 
and  associated  pbeoomeua  connected  with  plants  of  sapposed  utility, 
and  by  the  caltivation  of  sach  plants  by  private  individuals,  uncon- 
nected with  any  State,  governmental,  or  academic  institutiouK, 

By  these  agencies,  wisely  directed  and  energetically  employed,  the 
domaius  of  commercial  aud  industrial  botany  will  be  enlarged.  Tu 
some  of  the  possible  results  in  these  domains  i  have  endeavored  to  call 
your  attention. 
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THE  EVOLUTION'  OF  COMMERCE." 


By  Gardixbb  <!.  Hi'bbabd. 


For  over  three  thousand  years  the  great  highway  for  commerce  haa 
been  from  India  by  the  reman  <iulf  and  the  Euphrates  or  by  the  Red 
SeA  to  the  Mediterranean,  and  thunre  through  the  Mediterranean  by 
Gibraltar  to  westem  and  northern  Europe,  and  in  our  day  thenre  to 
Ameriea. 

Along  this  route  cities  and  nations  have  sprang  np,  im-ressed  in 
wealtli  and  power,  and  passed  Jiway,  giving  plai-e  to  other  cities  and 
nutions  further  westward.  These  nations  have  biten  great  carriers  innl 
iliHtrilmtors  of  minerals  and  goods,  ns  well  as  capitalists  and  bankers, 
or  cairiers,  bankers,  and  mannfai-tarers;  in  either  ea»e  rontrolling  the 
i-oniinerce  of  the  world.  This  control  has  never  for  any  long  iieriml 
been  held  by  the  same  race,  bnt  has  paased  from  one  nation  to  another, 
alway.s  from  the  east  toward  tliu  we.st. 

Tlie  eiirliest  highway  of  eominereo  was  from  India  tlii-ongh  the  Per- 
sian Gulf,  up  the  Euphrates  to  the  M(Hlit4Tninettn;  and  carpets  and 
precious  stones  were  then  as  now  carried  over  this  i-oute.  Kxplora- 
tions  and  surveys  for  a  railroad  have  Iieen  recently  made  along  this 
"our  future  highway  to  India."'  <  laravans  brought  spices  from  Arabia 
and  rich  stuffs  fmm  Babylon  and  Nineveh  t4i  the  shore  of  the  Ked  Sea. 
Solomon  made  a  navy  of  shijis  and  Hiram  sent  in  the  navy  liis 
"Servants,  shipmen  that  had  knowledge  of  the  sea,  and  they  bi-ought 
gold  from  Ophir,  great  ]ilenty  of  alinug  trees,  and  precious  stones." 

Tyre  and  Sidon  founded  colonies  on  the  shores  of  the  Mediterranean, 
enslaving  the  Spaniards  and  comiMOling  them  to  work  the  mines  of 
gold  and  silver  already  opened  in  Spain.  Their  shijis  saile<l  through 
the  Mediterranean,  by  the  Pillars  of  llercnlft-fjintothe  Atlantic  Ocean, 
turning  northward  to  Kngland  for  tin  and  copper  and  on  into  the  Bui- 
tic  sea  for  furs  and  amber,  turning  situthward  along  the  western  coast 
of  Africa,  passing  certainly  2,000  miles  to  the  equator,  and  probably 
rounding  the  Cape  of  Good  Hope  into  the  Indian  Ocean.  Products 
^m  the  west  were  brought  in  ships  to  Tyre  and  Sidon  and  exchanged 

'PreHJdeDtial  nddreR!)  to  tlin  NntiuuHl  (ieocrapliio  Kocioly.  .Iiimmry  in,  JKKl. 
(From  The  Xational  Oeographie  .Vaga^iue,  MnrcU  26,  IH!I2;  vol.  iv,  pp.  1-18). 
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for  the  goods  of  the  east,  their  merchants  making  profits  on  each  trans- 
actiOQ  both  as  merclianta  aud  as  curriers.  Tjie  and  Sidon  became 
wealthy,  luxiiriona,  and  effeminate.  Some  of  their  citizeoK  saw  in 
AtViva  a  richer  soil  and  a  better  situation  for  a  large  city,  and  founded 
(.Carthage.  The  Carthageuians  inherited  the  trade  of  Tyre  and  Sidon, 
aud  in  addition  opened  highways  to  Egypt  and  into  the  interiorof 
AAica,  bartcringtheirwares  in  Egypt  for  com  andgnuu,and  in  Africa 
for  ivory,  gems,  and  slaves.  They  planted  colonies  iu  Africa  and 
Sicily,  and  for  a  time  were  successful  rivals  of  Greece  and  Rome. 

The  rule  of  the  ocean  transferred  f^m  Asia  to  Africa  remained  there 
but  a  short  time,  for  the  day  of  Europe  came  with  the  rise  of  Greece 
and  Rome. 

The  Greeks  founded  colonies  iu  Asia  Minor,  Sicily,  and  Italy.  Hie 
ruins  of  great  cities  with  Grecian  temples  and  amphitheaters  are  found 
at  Girgenti  aud  Syracuse  in  Sicily,  at  Fiestum  and  other  places  id 
Italy.  Under  Pyrrhus,  their  armies  were  defeated  by  the  Romani 
and  her  colonies  captured.  Deprived  of  these,  her  power  rapidly  dfr 
dined  and  she  became  a  Roman  province. 

Rome, — Rome  fonnded  few  colonies,  bnt  she  conquered  the  natiouBof 
Asia,  Africa,  aud  Europe,  and  brought  under  her  sway  cities,  king- 
doms, and  empires.  She  boasted  of  500  cities  in  her  Asiatic  province 
that  had  been  founded  or  enlarged  and  beautified  by  the  Caesars,  Ooe 
hundred  and  twenty  vessels  each  year  brought  the  goods  of  India  from 
the  delta  of  the  Ganges,  and  large  fleets  from  Egypt  came  laden  with 
com  and  grain.  She  imported  from  every  country,  but  exported  littlS) 
paying  for  her  imports  by  taxes  levied  on  her  colonists. 

Rome  was  the  first  power  to  incorporate  conquered  states  into  her 
dominion  and  extend  citizenship  to  all  the  people  in  her  Empire,  so  that 
Paul  could  say  in  truth,  "  I  am  a  Roman  citizen  and  to  Caesar  I  appeal." 
So  salutary  and  beneficial  was  her  rule  that  under  it  these  countries 
prospered  more  than  under  their  own  rulers.  What  Rome  seized  with 
strong  baud  she  defended,  and  in  return  for  taxation  gave  protection. 
Sbe  has  no  more  enduring  monument  than  her  roads,  the  remains  of 
which  are  now  found  iu  every  country  of  Enrope.  Though  buUt  as 
military  and  post  roads,  they  were  used  largely  for  commerce.  AU 
started  from  the  golden  milestone  in  the  forum ;  one  ran  over  the  Breu- 
ner  pass  northeastward  to  tlie  Baltic  Sea,  another  followed  the  north- 
western coast  of  the  Mediterraneiin  to  Spain  and  sonthem  France, 
another  crossed  the  Alps  and  extended  through  France  to  the  British 
channel  and  through  England  to  Scotland,  where  the  Romans  built  a 
wall,  ruins  of  which  now  bear  witness  to  its  strength.  Another  way 
went  southward  to  Naples  and  Brindisi,  and  another  led  eastward  to 
Macedonia  and  Greece.  As  these  were  the  only  roads  iu  all  these  conn- 
■^  truly  said,  "All  ways  lead  to  Rome;"  and  over  them  the 
f  Ciesar  travelled  more  rapidly  than  the  mail -carrier  of 
m  onr  mail  rentes. 


THE  EVOLUTION  OF  COHUERCE.  649 

Venice  and  Genoa. — After  SOO  years  of  empire  Borne  fell,  and  the 
dark  ogen  followed.  From  A.  d.  400  to  A,  d.  800  commerce  and 
trade  died  out.  The  only  vesselB  oo  the  Mediterranean  and  Baltio 
were  piratical  crafts;  Jemsalem  and  the  Holy  Land  were  captured  by 
the  Torke ;  the  Crasades  began,  forerunners  of  a  higher  civilization  and 
more  extended  commerce.  Thousaads  and  tens  of  thousands  of  people 
&om  all  parts  of  Europe  and  all  ranks  of  life,  bearing  the  pilgrim's 
badge — the  blood-red  cross — journeyed  toward  the  Holy  Land,  first  in 
vast  crowds  led  by  Peter  the  Hermit,  then  in  great  armies  led  by  kings 
and  generals.  For  years  this  movement  continued.  Venice  and 
G^noa  furnished  ships  to  carry  the  armies  of  France  from  Italy 
to  the  Holy  Land.  The  Venetians  were  shrewd  merchants  and  drove 
bard  bargains,  stipulating  for  cessions  of  land  at  the  best  com- 
mercial points  and  adequate  compensation  for  their  services.  After 
the  failure  of  each  Crusade  they  brought  back  remnants  of  the  troo]>s 
and  pilgrims,  and  with  them  the  products  of  Asia  Minor,  and  books 
and  art  treasures  firom  Greece.  These  were  distributed  all  over  Italy, 
and  led  to  the  renaissance  of  the  thirteenth  and  fourteenth  centuries. 

The  trade  with  the  east  brought  power  and  wealth  to  Venice  and 
Oenoa.  They  founded  colonies  on  the  Black  Sea,  in  Asia  Minor,  and 
on  the  Asiatic  coast.  Venice  alone  had  3,000  vessels.  Their  com- 
merce was  not  confined  to  the  borders  of  the  Mediterranean,  for  the 
goods  of  the  Orient  were  distributed  by  the  way  of  Augsburg  and 
Nuremberg  to  the  interior  of  Germany  and  to  the  towns  of  the 
Hanseatic  confederation.  Thus  commerce  was  opened  with  the  in- 
terior of  Europe. 

By  the  failure  of  the  Crusades  the  power  of  the  Turks,  which  had 
been  for  some  time  checked,  grew  and  increased.  They  conquered  the 
holy  places  of  the  earth,  Asia  Minor  and  Syria,  and  finally,  crossing 
into  Europe,  gained  Constantinople.  The  colonies  of  Venice  and  Genoa 
were  captured ;  their  fleets  disappeared  from  the  Mediterranean.  In 
western  Europe  the  Spaniards  uuder  Ferdinand  and  Isabella  con- 
quered the  Moors,  who  for  many  ages  had  occupied  the  larger  portion 
of  Spain ;  and  as  the  Crescent  appeared  in  eastern  Euroi)e  the  Cross 
triumphed  in  the  west. 

i^jatn  and  Portugal.— Th.vai  a  new  power  appeared  upon  the  stage. 
Spain  and  Portugal  entered  upon  an  era  of  exploration  and  discovery 
in  regions  unknown  to  Venice  and  Genoa.  Commerce,  which  in  the 
middle  ages  had  been  confined  to  the  Mediterranean  Sea,  was  now  ex- 
tended to  the  countries  on  the  Atlantic  Ocean,  and  the  Cape  Verde 
Islands,  Madeira,  and  the  Caniiries  were  diM^vered.  In  oue  genera- 
tion (between  1470  and  l.'WO  A.  u.)  more  and  greater  discoveries  were 
made  than  in  any  other  period  of  the  world's  history.  Tlie  Portuguese 
sailed  along  the  eastern  coast  of  Africa  and  niunded  the  Cape  of  Good 
Hope;  Vasco  de  Gama  crossed  the  Indian  Ocean  to  India;  Colnottaitf 
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Bailed  westward  to  And  the  Orient  and  discovered  anew  world;  Ma 
gelUii  circumnavigated  tbe  globe;  Balboa  cro»8(^  tlie  iHtbmos  of 
Fauaiua,  aud  was  the  Iti'St  to  Kee,  on  the  same  day,  the  suu  rise  out  of 
the  Atlantie  anil  set  in  the  Pacific;  and  soon  tbe  eastern  and  western 
coasts  of  America  were  explored  trom  Xewfonndland  to  Cape  Horn 
and  from  Cape  Horn  to  Panama. 

Both  Portugal  and  Spain  claimed  all  the  New  World,  and  as  they 
could  not  a^ee  upon  a  division  of  territory  tbey  referred  tbe  matter 
to  the  Pope,  who  divided  the  New  World  between  them.    The  Atlantic 
became  the  great  highway  for  commerce,  while  the  Mediterranean  was  ' 
deserted,  and  Venice  and  Genoa  existed  only  in  the  pijst 

The  commerce  of  Portugal  was  (;o-exten»ive  with  her  dominion,  which 
extended  from  Japan  and  the  Sjiiee  Islands  and  hulia  to  tbe  Red  Sea, 
thence  to  the  Cupe  of  Oood  Hope;  aOd  with  their  i>ossessioun  oa  the 
eastero  and  western  shores  of  the  Atlantic  and  in  Africa  aud  Brazd 
completed  their  maritime  empire,  tbe  moat  extensive  tbe  world  has  ever 
seen.  Tben  a  single  Heet  of  one  liiindrwl  and  fifty  to  two  Imudred  and 
fifty  carackfl  sailed  from  tbe  port  of  Goa  to  Lisbon;  now  there  sails  but 
one  vessel  a  year  from  all  India. 

From  Spain  ships  sailed  both  to  the  Caribbean  Sea  and  to  Gape  Bom 
and  thence  to  Chile  and  Peni,  or  directly  northwestward  from  CaiM 
Horn  to  the  Philippine  Islands.  Spain  conquered  Mexico,  Central 
America,  and  all  South  America  except  Brazil.  The  gold  aud  silver  of 
Peni  and  Chile,  aud  tbe  goods  of  the  Orient,  were  brought  to  Spain  and 
Portugal.  As  their  wealth  and  power  increased  the  spirit  of  explora- 
tion decreased,  and  for  nearly  two  hundred  years  tbe  Spanish  ships 
sailed  in  a  fixed  course  by  the  same  lanes,  exploring  tbe  ocean  neither 
toward  tbe  north  nor  tbe  south,  leaving  undit^covered  the  great  conti- 
nent of  Australia  and  numerous  groups  of  islands. 

Tbe  Spanish  and  Portuguese  leaders  were  cavaliers,  who  despised  all 
commerce  excepting  in  gold  and  silver,  all  kinds  of  mannfactnres  all 
manual  labor,  and  tlie  cultivation  of  the  ground.  They  came  not  t« 
colonize,  but  to  satisfy  by  tbe  labor  of  the  enslaved  aborigines  their 
thirst  for  gold  and  silver.  The  whole  political  power  was  retained  by 
the  King  of  Spain  and  administered  by  Spaniards.  While  tbe  silver 
and  gold  of  America  and  the  wealth  of  the  Indies  ]>oured  into  tbe 
treasuries  of  Si>ain  they  wanted  nothing  more.  Like  ancient  Rome, 
they  took  all  the  wealth  of  the  conquered  countries,  making  no  return; 
but  tbey  did  not,  like  Rome,  give  wise  and  eqoitable  laws  and  a  stable 
government  to  tbe  conntries  they  conquered. 

The  Netherlands. — ^The  inhabitants  of  tbe  Netherlands  were  manu- 
facturers, and  snpplied  tbe  markets  of  Spain  and  Portugal  and  tJieir 
colonies,  thus  reaping  as  large  profits  from  their  trade  with  these  coun- 
tries as  the  Spanish  and  Portuguese  from  the  mines  of  gold  and  stiver. 

No  part  of  Europe,  says  Motley,  seemed  so  uidikely  to  become  the 
home  of  a  great  nation  as  the  low  country  on  the  uorthwe8t«m  coast 
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of  the  contmeDt,  where  the  grvnt  rivers,  the  Rhint^  am)  Scheldt,  emp- 
tied into  the  yurth  Sea,  and  where  it  was  hartl  to  tell  whether  it  was 
land  or  water.  In  this  region,  uiit^-astofufeunaud  earth,  a  little  nation 
wrested  from  both  flomaius  their  rit-hest  treaanres. 

The  commerce  of  theHanseatic  Towns,  which  had  depended  for  their 
trade  on  Venice  and  (ienoa,  became  lesM  and  less  as  the  glor>'  of  those 
cities  waned.  Antwerp,  with  its  deep  and  convenient  rivers.  stret4'luil 
its  anus  to  the  ocean  and  caaght  the  golden  liane-'^t  as  it  fell  from  Un 
sistert!"  grasp.  Xo  city  except  Parts  snrpassetl  it  in  population ;  none 
ap|>roa4-hed  it  in  splendor.  It  became  thf  commercial  center  and  Itanki-r 
of  Europe;  5,0tH'  merchants  ilaily  assemble<l  on  its  exchange;  li,.j»lt» 
vessels  were  often  seen  at  once  in  its  harl»or,  and  500  daily  m;ule  their 
entrance  into  it.  The  mannfactares  of  Flanders  and  the  Netherlands 
had  been  noted  for  many  generations,  and  now  vastly  increased,  were 
(listribnted  all  over  the  world.  The  Netherlands,  though  the  small- 
est, became  the  wealthiest  nation  of  Europe.  Then  came  the  long-c<m- 
tinacd  war  with  Spain,  ending  in  the  siege  and  fall  of  Antwerp,  aud  in 
the  imposition  of  such  taxation  as  no  other  country  had  ever  endured. 
As  Antwerp  had  grown  on  the  ruins  of  the  Hanseatic  Towns,  so  her  fall 
became  England's  gaiu. 

Frauee  and  England. — In  America,  north  of  Mexico,  neither  silver  nor 
gold  had  been  found  to  tempt  t)ie  Si>antsh  and  Portuguese,  The  larger 
portion  of  the  northern  Atlantic  coast  was  one  long  sand  l>eacli,  broken 
by  great  estuaries  and  the  mouths  of  great  rivers;  the  rest  was  rocky 
and  rugged,  the  temperature  generally  cold,  the  land  unfertile  and 
barren.  For  these  reasons  North  America  was  left  to  the  French  and 
Eoglisb.  The  French  claimeil  Canada  and  the  whole  of  the  territorj- 
of  the  Unite^l  States  save  a  narrow  strip  of  land  on  tJie  Atlantic  (xinst. 
The  French  population  was  small,  and  was  ma4le  np  principally  of  fnr- 
traders  and  halfbreeds;  Great  Britain  held  New  England,  Virginia, 
and  the  Caroliua.s. 

After  the  first  fever  of  religions  colonization  had  pa.sse<),  about  the 
commeneemeut  of  the  eighteenth  century,  there  wiw  scarcely  any  emi- 
gration from  England  to  America  and  but  little  tnule  between  the  two 
countries.  The  popniation  of  North  America  was  small,  its  commerce 
less,  with  little  profit  to  the  Euroi>ean  merchants.  Tlie  countr>-  |M)s- 
sessed  no  peculiar  advantages  for  the  pro<luction  of  articles  of  \-jUue 
in  foreign  markets;  there  was  nothing,  therefore,  to  invite  immigration 


The  chief  inducement  to  the  English  to  navigate  the  Atlantic  Wiia 
the  hope  of  capturing  the  treasure  laden  Spanish  galleons  aud  the  rich 
Spanish  cities. 

Sir  Francis  Drake,  Sir  Walter  Raleigh,  and  other  navigators  f ' " 
by  Queen  Elizabeth,  with  bands  of  buccaneers,  refupH's  from  all 
tries,  though  mostly  Englishmen,  explored  the  recesses  of  the 
bean  Sea,  crossed  the  Isthmus  of  Panama,  aud  Inuucfaetl 
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vessels  on  the  Pacific.  In  15  years  they  captured  545  treasure  ships, 
sacked  many  towns,  trained  the  English  seaman,  and  laid  the  founda- 
tion for  the  navy  of  Great  Britain. 

The  growth  of  English  commerce  was  slower  than  that  of  Spain, 
Portugal,  or  Holland,  and  it  was  not  until  the  middle  of  the  eighteenth 
centory,  or  250  years  after  the  discovery  of  America,  that  she  entered 
upon  that  career  which  gave  her  the  control  of  the  ocean.  Her  com- 
merce was  built  np  by  protective  laws,  foauded  on  tbe  navigation  act 
of  1651,  which  prohibited  foreign  vessels  from  carrying  to  or  from 
England  the  commerce  of  any  country  but  its  own.  These  laws  were 
universally  regarded  as  among  the  chief  causes  and  most  important 
bulwarks  of  the  prosperity  of  Great  Britain,  and  they  were  continued 
until  English  ships  controlled  tbe  carrying  trade  of  the  world,  and 
were  not  finally  repealed  until  1854. 

The  mechanical  devices  of  Watt,  Arkwright,  and  other  great  invent 
ors  gave  to  England  that  supremacy  in  manufactures  which  she  has 
ever  since  retained.  The  French  revolution,  a  little  later,  aroused  the 
fear  of  the  statesmen,  merchants,  and  capitalists  of  England  that  tbe 
energy  of  the  new  Republic  would  be  as  omnipotent  in  mercantile  affairs 
as  on  the  field  of  battle.  They  believed  that  France  might  regain  the 
colonies  and  with  them  the  commerce  she  had  lost,  and  therefore  Eng- 
land declared  war  against  Napoleon,  which  was  carried  on  almost  cod- 
tinuouslyfromlT93tolS15,  The  shipping  of  the  Gontinentdisappeared 
or  was  captured  by  the  fleets  of  England ;  tbe  colonies,  and  with  them 
the  commerce,  of  Spain  and  Portugal,  Holland  and  France,  passed  to 
England ;  and  though  she  is  still  hardened  with  tbe  debt  then  created, 
she  has  never  lost  the  commerce  and  carrying  trade  she  then  obtuned. 

The  population  of  the  colonies  of  Great  Britain  is  about  one-sixth  of 
the  entire  population  of  the  globe,  and  their  territory  comprises  eigh^ 
per  cent  of  the  available  temperate  regions  of  the  earth  belonging  to 
the  Anglo-Saxon  race. 

The  commerce  of  England  has  given  wealth  to  her  hankers  and  mer- 
chants, and  employment  to  her  artisans,  shipbuilders,  iron-workers, 
miners,  and  manufacturers.  Her  exports  of  produce  and  manufactures 
have  incrensed  500  per  cent  in  fifty  years,  or  from  t3o6,000,(KH)  in  1840 
to  $1,677,000,000  in  1890,  and  are  carried  by  her  ships  to  every  quarter 
of  the  globe.  Though  dependent  on  America  for  her  food  supplies, 
these  are  moved  in  British  ships.  The  commerce  of  the  world  pays 
tribute  to  the  bankers  of  London  and  makes  that  city  the  money  center 
of  tbe  world.  Her  best  market  is  India,  and  from  India  comes  her 
largest  imports;  next  to  this,  those  from  the  United  States. 

India. — Egypt,  Nineveh,  and  Babylon  in  prehistoric  times,  Tyre  and 
Sidon  and  Greece  under  Alexander,  Carthage  and  Borne  nnder  the 
Cffisars,  Venice  and  Genoa  in  the  middle  ages,  Portugal  and  Holland, 
and  lastly  England,  have  drawn  great  stores  of  wealth  from  India. 
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From  India  science  and  literatnre  were  handed  ou  to  Europe,  and 
from  lodia  lias  come  the  religion  of  more  thaii  half  of  the  human  race. 
For  India  the  Spanish  sailed  westward ;  for  India  the  Portuguese  sailed 
eastward.  Portugal  was  the  first  to  reach  the  goal  and  obtaiu  the 
prize.  Greater  riches  have  been  drawn  flrom  India  than  from  the  gold 
and  silverminesof  America;  since  for  all  ages  it  bos  been  the  store- 
house &om  which  treasures  were  derived.  Portugal  held  India  Trom 
about  1500  to  1600.  Ships  brought  the  silks  and  precious  stones  of 
India  to  Lisbon,  where  they  weresold  to  the  Dutch  and  distributed  by 
them  through  Europe.  Spain  conquered  Portugal,  and  to  avenge  her- 
self on  Holland  excluded  her  merchants  from  Lisbon.  They  then  sailed 
directly  for  India,  dispossessed  the  Portuguese,  and  the  commerce  of 
India  was  for  the  next  hundred  years  controUed  by  Holland. 

Then  for  a  short  time  India  was  divided  between  France  and  England, 
but  under  Lord  Clive  and  Warren  Hastings  the  possessions  of  France 
passed  to  the  East  India  Company,  and  when  their  charter  expired  it 
was  made  a  province  of  the  Grown,  and  the  Queen  of  Bnglimd  became 
Empress  of  India. 

Unlike  Rome  and  Spain  in  their  dealings  with  conquered  nations, 
Eugland  gives  a  lair  exchange  for  all  she  takes,  and  rules  in  India  for 
India,  giving  a  more  stable  and  equitable  government  than  India  ever 
before  enjoyed. 

To-day  Tyre,  Sidou,  and  Carthage  are  known  only  by  their  ruins;  the 
glory  of  Greece  and  Rome,  of  Venice  and  Genoa,  has  passed ;  the  power 
of  Spain  and  Portugal  has  waned,  while  India  is  developing  a  social, 
moral,  and  political  prosperity,  with  wealth  and  commerce  unknown 
in  any  former  period  of  her  history. 

Huez  Canal. — Much  of  the  trade  of  India  in  ancient  times  passed 
through  a  canal  connecting  the  Red  Sea  with  the  Mediterranean,  tbe 
reniainsof  which  still  exist,  and  efforts  to  re-open  it  hare  been  made  at 
different  times  by  Egypt  without  success.  In  1856  l>e  Lesseps  obtained 
concessions  from  the  Khedive  for  the  Suez  Canal,  and  commenced  the 
work  under  the  directions  of  the  best  engineers  of  Eiu'ope.  l>e  Les- 
seps  applied  to  Englisii  capitalists  for  help,  but  they  were  deterred  by 
Lord  Palmerston,  who  said  he  "would  oppose  the  work  to  the  very 
end."  Mr.  Stevenson,  the  enginetT,  supported  Lord  I'almerston,  declar- 
ing that  "  the  scheme  was  impracticable,  except  at  an  expense  too  great 
to  warrant  any  expectation  of  returns."  The  Emperor  of  France  lent 
bis  name  to  the  company,  and  large  sums  of  money  were  raised  in 
France;  but  the  canal  was  constructed  mainly  by  the  money  and  labor- 
ers of  Egyi>t.  It  was  opened  iu  1869,  and  immediately  English  steamers 
began  to  sail  through  the  canal,  and  the  rout*  around  the  Cape  of  Good 
Hojie  was  almost  abandoned.  Other  dags  soon  followed,  and  the  com- 
merce with  India  luid  the  East,  so  long  lost  to  Venice  and  the  ports  of 
the  Mediterranean,  waa  revived.  L:,y,i,^euL7GoOQlc 
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The  day  will  surely  come  when  commerce  will  make  her  last  moTement 
westw^,  when  America,  lyiug  between  Europe  and  Asia,  with  her 
boundless  mineral  and  agricultural  resources,  her  mannfocturing  facil- 
ities, her  extended  sea-coaats,  will  be  the  foremost  nation  and  Xew 
York  the  commercial  capital  of  the  world. 

Nioaragua  Catud. — From  New  York  to  San  Francisco  by  landia  about 
3,000  miles,  by  water  it  is  about  15,000  miles,  yet,  notwithstanding  the 
greater  distance,  freight  is  constantly  sent  by  water.  From  San  Fran- 
cisco it  is  about  the  same  distance  by  water  to  either  New  York  or 
London.  If  a  water-way  could  be  opened  across  the  Isthmus  of  Panama 
ftoia  one  ocean  to  the  other,  the  distance  from  Xew  York  to  San  Fran- 
cisco would  be  diminished  more  than  one-half,  and  San  Francisco  would 
be  over  2.000  miles  nearer  New  York  than  London.  The  first  propo^ 
sition  for  canals  connecting  the  two  oceans  was  made  in  1550,  suggest- 
ing two  routes,  by  Panama  and  Nicaragua;  and  exi>loratiou8  and  snr 
veys  of  both  have  been  frequently  made,  and  various  attempts  made 
for  their  construction. 

The  success  of  the  Suez  Canal  induced  M.  de  LessepK  to  undertake 
the  connection  of  the  two  oceans  by  the  construction  of  the  Panama 
Canal,  believing  that  the  tonnage  passing  through  it  would  eqaal  that 
of  the  Suez  Canal.  This  work  has  not  been  successful:  the  canal  re- 
mains unfinished,  with  no  prospects  of  completion. 

Seveml  hundred  miles  north  of  Panama  is  the  lowest  continental 
divide;  148  feet  above  tide  water  on  the  Pacific  slope  of  this  divide  in 
Lake  Nicaragua,  connected  by  the  river  San  Juan  with  the  Atlantic; 
up  this  river  and^through  this  lake,  some  thirty  years  ago,  was  one  of 
the  regular  ways  of  intercommunication,  both  for  freight  and  passen- 
gers, between  New  York  and  California. 

The  Maritime  <>anal  Company  and  tbe  Canal  Construction  Cmupaay, 
organized  by  Americans,  have  obtained  concessions  from  Nicu^igua, 
and  have  made  surveys  for  canal,  sla4!k-water,  and  lake  navigation  frotn 
Greytown  on  the  Atlantic  through  Lake  Nicaragua  to  Brito  on  the  Pa- 
cific, a  distance  of  170  miles.  A  harbor  has  been  opened  at  Gre3rt«ini 
and  t^nsiderable  work  performed  on  tbe  canal.  The  Panama rontebad 
the  great  advantage  of  an  open  channel  from  ocean  to  ocean,  whereas 
the  Nicaragua  route  requires  several  locks  to  cross  the  divide;  but 
Britu  is  some  000  or  700  miles  nearer  California  than  Panama,  a  saviiif; 
in  distance  that  will  comiiensate  for  tbe  delay  in  locking.  The  open- 
ing of  this  canal  will  be  the  greatest  l>enetit  that  could  bo  confuted 
ui>on  our  commen-e  and  shipping. 

Freight**  by  water  between  New  York  and  (.'alifomia  are  now  so 
liigh  tliat  a  large  (tortion  goes  by  railroad.  The  effect  that  this  canti 
should  produce  will  be  evident  if  we  consider  the  great  difference  in 
cxjHsnse  between  land  and  water  carriage.  Rail  rates  between  Ve* 
York  and  Chicago  are  a  trifle  over  6  mills  per  ton  per  mile,  while  lk> 
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ocean  rates  od  grain  to  Liverpool  iu  1888  were  about  half  a  tniU  per  toa 
per  mile;  and  1  mill  per  ton  per  mile,  or  $3  per  ton  from  Kew  York  to 
Liverpool  is  »aid  to  be  a  fair  rate,  while  the  all-rail  rate  between  New 
York  and  San  Frandsco  averages  from  940  to  $80  per  ton,  according  to 
the  claaa  to  which  ttie  freight  belongs.  It  takes  from  neveu  to  ten  days 
to  go  from  New  York  to  Liverpool,  nearly  twice  as  long  as  from  New 
York  to  San  Francisco  by  rail,  thirty  days  by  Panama,  and  one  hnndred 
aod  twenty  days  by  the  all-water  route  around  Cape  Horn. 

The  opening  of  this  canal  will  therefore  reduce  the  freight  on  goods 
between  the  East  and  West  at  least  three-fourths  and  possibly  more, 
it  will  give  ns  a  free,  t-asy,  and  cheap  communication  by  water  between 
the  Eastern  and  Western  States ;  our  commerce  will  be  bailt  np,  and  the 
wealth  and  commerce  of  the  Atlantic  coast  and  the  population  of  the 
states  on  the  Pacific  coast  will  be  increased  in  a  wonderfnl  manner. 

The  opening  of  this  route  will  give  a  demand  for  large  steamships, 
and  when  we  have  such  ships  large  shipyards  and  machine-shops  will 
spring  np,  and  these  alone  are  wanted  to  enable  ns  to  build  and  run 
ships  on  the  Atlantic  Ocean  in  competition  with  Great  Britain.  Then 
the  prediction  of  Mr.  Cramp  will  be  fulfilled,  that  Englishmen  will  be 
asking  one  another,  "  Can  we  build  ships  as  economically  as  they  do  in 
the  United  States!" 

Modes  of  convegance. — The  earliest  transportation  of  merchandise  was 
by  caravans.  The  first  caravan  of  which  we  have  any  certain  account 
was  that  of  the  Ishmaelites  and  Moabites,  who,  while  they  were  travel- 
ing f^m  Oilesul,  with  their  camels  bearing  spices,  balm,  and  myrrh,  to 
Egypt,  bought  Joseph  of  his  brethren  and  sold  him  ^  a  slave  to  Poti- 
phar.  These  caravan^  were  formed  of  merchants  banded  together  for 
protection  nnder  a  guide  and  leader,  sometimes  numbering  several 
hnndred,  with  one  thousand  camels  in  a  caravan.  They  travelled  from 
17  to  20  miles  a  day,  but  only  in  the  spring  and  autumn  months.  At 
nigbt  they  stopped  at  caravansaries,  where  free  lodging  was  furnished 
to  men  and  beasts.  In  Turkistan  and  Arabia  all  trade  and  travel  was 
by  similar  caravans  until  the  railroad  was  opened  across  the  desert,  by 
Merv  and  the  Oxns,  to  Samarcaud. 

Navigation  was  first  by  boat,  and  ages  afterward  by  vessels.  The 
earliest  vessels  of  which  we  have  any  account  were  employed  in  carry- 
ing cattle  down  the  Nile,  and  were  propelled  by  sails  and  rowers.  The 
vessels,  at  first  small  and  with  a  few  rowers,  were  slowly  increivsed  in  size 
and  number  of  rowers  until  three,  fonr,  an<l  even  five  banks  of  oars,  one 
over  the  other,  were  used.  They  were  often  from  150  to  175  feet  long 
and  from  18  to  26  feet  in  breadth,  drawing  from  10  to  12  feet  of  water, 
and  sometimes  carrying  two  hundred  rowers  and  several  hnndred  men. 
All  these  ships  were  without  decks,  whether  sailing  on  tlie  Mediterra- 
nean or  Atlantic.  They  sailed  by  day,  putting  into  harbor  at  night, 
and  never  losing  sight  of  land  nnless  driven  by  stress  of  weather,  QAf^- 
H.  Mis.  334,  pt.  1 42  '    '^ 


658  THE  EVOLUTION  OF  COMMERCE. 

first  they  sailed  only  ■Hitli  tlie  wind,  l>ut  by  slow  degnws  they  learned 
to  tack;  then  decks  were  built  over  the  stem  and  prow,  lenviug  tbf 
niid8hi|>s  exposed  to  the  high  seas.  This  class  of  vesselt*,  Konietinies 
with  banliB  of  oars,  continued  nntil  the  middle  of  the  last  ceutiiry.  In 
the  eai'ly  part  of  the  flfbeenth  century  smaller  hut  stronger  vessels  of 
better  material  wei-e  built  for  the  voyages  of  discovery  nodertaken  by 
the  Portuguese.  At  this  time,  also,  the  mariner's  compass  was  brought 
into  general  use,  having  been  introduced  from  Arabia;  eighty  years 
later  it  found  its  way  to  England.  Two  of  the  vessels  of  Columbus 
were  decrked  only  nt  the  prow  an<l  stern,  and  the  three  were  manned 
by  120  men. 

The  armada  of  Queen  Elizabeth  was  formed  of  merchant  vessels  fitted 
u])  aa  meu-of-war,  and  not  until  the  time  of  Charles  I  were  there  any 
regular  ships  of  war  in  England  or,  probably,  in  other  countries. 

Commerce  was  usually  carried  on  by  companies,  with  rules  regulat- 
ing the  quantity  of  goods  to  be  exported,  bo  that  the  market  should  not 
be  over-stocked  and  unremunerative  prices  obtained.  Sometimes  the 
merchant  was  owner  of  the  vessel,  who  adventured  ^vith  his  cargo  and 
sailed  in  his  own  ship.  The  ships  were  constructed  with  little  reference 
to  siieed,  sailing  40  or  50  miles  a  day.* 

The  steam  engine  came  into  use  near  the  middle  of  the  cightventh 
century  in  England,  and  two  geuerations  passed  before  it  was  used  on 
vessels.  The  first  steamboat  ran  on  the  Hudson  in  1807,  in  England  iu 
1812.  Then  another  generation  passed  before  the  ocean  was  crossed 
by  the  8iriu«  and  Oreat  Western,  in  1833.  These  ships  sailed  from  7  U> 
8  knot)*  an  hour.  Ten  years  later  iron  ships  were  built;  then  came  the 
propeller,  the  invcfltioa  of  Ericsson,  followed  by  vessels  built  of  steel, 
and  lastly  the  City  of  Paris  and  Majestic,  carrying  1,500  tons  of  freight 
and  sailing  SOO  knots  a  day,  or  20  knots  an  hour. 

Until  the  present  century  all  coiruncrce  betweeu  I'emote  points  was 
by  wal«r,  excepting  in  the  Itomaii  Umpin'.  After  the  downfall  of 
Rome  there  wits  neither  commerce  imr  travel  and  no  use  for  roads,  tti« 
cost  of  transportation  even  lor  a  short  distance  exceeding  the  value  of 
the  goods. 

The  railroad  was  introduced  about  the  same  time  into  England  aud 
Americj*,  aud  was  rapidly  extended  into  every  country.  The  steam 
engine  on  laud  and  wat«r  has  i-cvolutionizcd  the  methods  of  transpnr- 
tiition  and  created  a  new  commerce.  "The  movement  of  goods  in  a 
year  on  all  the  through  routes  of  the  world  did  not  then  equal  tbe 
movement  on  a  single  one  of  our  trunk  Hues  of  railroad  for  the  same 
I)eriod."  Formerly  it  cost  $10  to  move  a  ton  of  freight  100  miles;  now 
it  can  be  moved  1,300  miles  for  the  same  sum.  The  grain  and  com 
from  our  Western  lands,  then  not  worth  the  transportation  to  the  sea- 
«>a8t,  are  now  s()Id  in  Ixmdon,  and  our  prairies  yield  to  the  Western 

'^Tie  brewlth  w.w  about  cinB-fiiurth  tlie  IPDgUi,  aud  not  until  withia  forty  j«an 
the  jiroportiou«  gf  one-ton tti  or  on^-twelftl)  of  tlie  brwdtli  obtnined. 
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farmer  greater  profit  than  the  grain  lands  of  England  yield  to  the 
farmer  there.  Tlie  land  commerce  created  by  steam  probably  exceeds 
to-day  the  commerce  carried  on  the  water. 

The  cost  of  luovicg  freight  by  railroads  varies  greatly  in  dift'orent 
{larts  of  the  United  States  and  in  different  cxiantries.  The  highest  cost 
west  of  the  Ko<^ky  Mountains  is  two  and  a  quarter  times  more  than  in 
some  of  our  Middle  States.  The  average  freight  receipts  per  ton  per 
mile  in  this  country  is  ■$ 0.922,  which  is  less  than  those  of  any  other 
country,  although  the  Belgian  and  Russian  rates  are  not  much  higher. 
In  England  tbe  rates  are  from  .50  to  70  per  cent  higher  than  in  Amer- 
ica, and  in  the  other  countries  of  Karoi)e  higher  than  in  England. 

In  England  and  America  the  railroads  are  operated  by  private  com- 
panies in  competition. 

In  France  railroads  are  operated  by  private  companies  regulated  by 
lav,  the  country  being  divided  among  different  lines  of  road.  Lines 
are  constructed  by  private  companies  and  run  at  rates  fixed  by  the 
Government. 

In  Belgium  and  Germany  the  principal  roads  are  owned  and  oper- 
ated by  tbe  Government. 

Our  system  has  yielded  the  best  results  to  the  people. 

The  commerce  which  was  in  olden  times  transported  tmly  20  or  25 
miles  a  day  is  now  moved  .500  nulcs  a  day  by  water  and  800  miles  by 
land.  Correspondence,  then  carried  no  fast«tr  than  freight,  is  now 
borne  by  telegraph  to  the  farthest  ends  of  the  world. 

^11  these  changes  have  taken  place  within  a  single  generation;  for 
onr  fathers  could  not  travel  any  faster  than  Alexander  or  Oiesar.  Hteam- 
ships,  railroads,  and  telegraphs  within  that  time  hat^c  transformed  all 
commercial  transactions  and  the  methods  of  commercial  business.  For- 
merly eight  months  were  required  to  execute  an  order  in  Indiaor  Ohiua 
and  obtain  the  return;  now  one  day  is  sufficient.  These  commercial 
changes  caused  a  revolution  in  the  modes  of  business,  and  were  the  main 
factors  which  produced  the  monetary  disturbances  of  1873,  the  efi'ecls  of 
which  we  yet  feel,  so  long  has  it  taken  the  world  to  adjust  ittself  to  its 
new  relations. 

The  future  of  commerce. — The  commerce  of  the  world  originated  in 
Asia;  it  was  carried  to  Africa  and  thence  to  Europe,  and  from  Europe 
to  America.  This  movement  can  go  no  farther  westward,  for  on  the 
other  sideof  the  Pacific  is  China,  which  has  snitcessfully  resisted  every 
attempt  of  the  European  to  encroach  upon  her  domains,  and  India  with 
its  teeming  population  of  250,000,000;  so  that  America,  the  last  of  the 
continents  to  be  inhabited,  now  receives  the  wealth  of  India  and  Asia 
pouring  into  it  from  tbe  west,  and  the  manufactures  and  population  of 
Europe  from  the  east.  Here  the  east  and  west,  difierent  from  each 
other  in  mental  power  and  civilization,  will  meet,  each  alone  incomplete, 
each  essential  to  the  fullei^t  and  most  symmetrical  development  of  the 
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other.  Here  will  be  the  great  banking  and  commercial  hoiiBes  of  the 
world,  the  center  of  business,  wealth,  and  popnlation. 

The  eud  is  not  yet.  Invendotis  are  increasing  in  a  geometric  rather 
than  au  arithmetic  progresHion.  The  limit  of  steam  power  has  not 
been  reacheil,  tVir  with  a  high  temperature  in  a  steam  boiler  the  addi- 
tion of  a  few  pounds  of  coal  increases  the  steam  power  so  greatly  that 
we  are  unable  either  to  control  or  to  nse  it. 

Electricity  has  just  begun  to  offer  new  oppori.amtie8  to  commerce. 
We  are  no  longer  compelled  to  carry  our  factories  to  the  water  power, 
for  by  the  electric  wire  the  power  may  bo  brought  to  the  house  of  the 
operative,  and  we  may  again  seo  the  private  workman  sapersede  the 
factory  operative.  A  few  cars  and  small  vessels  are  moved  by  elec- 
tricity, the  forerunner  of  greater  things.  We  know  little  of  this  new 
agency,  but  its  future  growth  must  be  more  rapid  and  more  wouderfid 
than  that  of  steam. 

The  Secretary  of  the  Smithsonian  Institntion  (Mr.  Langley)  tells  as 
that  "before  the  incoming  of  the  twentieth  century  aerial  na\1gatian 
will  be  an  established  fact." 

"The  deeper  the  insight  we  obtain  into  the  mysterious  workings  of 
nature^s  forces,"  says  Siemens,  "  the  more  we  are  convinced  that  we  are 
still  standing  in  the  vestibule  of  science;  that  au  unexplored  world  still 
lies  liefore  us;  and  however  much  we  may  discover,  we  know  notwhether 
mankiud  will  ever  arrive  at  a  full  knowledge  of  nature," 
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The  period  thus  defined,  thougb  it  escels  in  science,  shows  with  few 
exceptioDS  a  falliug  off  in  the  fine  nrts.  On  considering  the  liistorical 
developmeutof  these  two  brandies  of  human  productivenesB  we  find  no 
correspondence  whatever  between  their  individual  progress.  When 
Greeli  scnlpture  was  in  its  prime,  science  scarcely  existed.  Tnie,  Leo- 
nardo's gigantic  personality,  which  combines  the  immortal  artist  with  the 
physicist  of  high  rank,  towers  at  the  beginning  of  the  epoch  generally 
known  in  the  history  of  art  as  the  Cinquecento.  Still,  he  was  too  far  in 
advance  of  his  age  in  the  latter  capacity  to  be  cited  as  an  example  of 
simnltnneous  development  in  art  and  science;  so  little  that  Galilei  was 
born  the  day  of  Michael  Angelo's  death.  The  matnal  development  in  art 
and  science  at  the  commeiu;ement  of  our  century  is,  I  believe,  merely  a 
casual  coincidence;  moreover,  the  fine  arts  have  since  been,  at  the  best, 
stationary,  whereas  science  strides  on  victoriously  toward  a  bonndless 
fdture. 

In  fact,  both  branches  differ  too  widely  for  the  services  rendered  t» 
science  by  art,  and  vice  ver»a,  to  he  other  than  external.  "  Nature," 
Goethe  very  truly  observed  to  Eckermann — little  thinking  how  harshly 
this  remark  reflects  on  part  of  his  own  scientific  work — "Nature  allows 
no  trifling;  she  is  always  sincere,  always  serious,  always  stern;  she  Ih 
always  in  the  right,  and  tlie  errors  and  mistakes  are  invariably  ours." 
Fully  to  apprci^iate  the  truth  of  this,  one  must  be  in  the  habit  of  trying 
one's  own  hand  at  exi>eTimentR  and  observations  while  gazing  in 
Nature's  relentless  <;ountenancc,  and  of  bearing,  as  it  were,  the  tremen- 
dous responsibility  incurred  by  the  statement  of  the  seemingly  most  in- 
significant fact.  For  every  correctly  interpreted  experiment  means  no 
less  than  this:  Whatever  occurs  under  the  present  circumstances 
would  have  occurreil  under  the  same  conditions  before  an  infinite  nega- 
tive period  of  time,  and  would  still  oc<mr  after  an  inlinite  positive 
period.  Oidy  the  mathematician,  whose  method  of  research  has  more 
ill  common  with  that  of  the  experimenter  than  is  generally  su]iposed, 
experiences  the  same  feeling  of  responsibility  in  presence  of  Nature's 
eternally  inviolable  laws.  Both  are  sworn  witnesses  before  the  tribn- 
iial  of  re^-ility,  striving  for  knowledge  of  the  universe  as  it  actually  is, 
within  those  limits  to  which  we  are  confined  by  the  nature  of  our  intel- 
le<;t. 

However,  there  is  a  compensation  for  the  philosopher,  laboring  under 
this  anxious  pressure,  in  the  consciousness  that  the  slightest  of  his 
achievements  will  carry  him  one  step  beyond  the  highest  reached  by 
hiagreateat  predecessor;  that  possibly  It  may  contain  the  germ  of  vastly 
important  theoretical  revelations  and  practical  results,  as  Wollaston's 
lines  contained  the  germ  of  spectral  analysis;  that,  at  any  rate,  such  a 
reward  is  not  only  in  the  reach  of  a  born  genius,  but  of  any  conscieu- 
tious  worker;  and,  finally,  that  science,  by  subduing  nature  to  the  rule 
of  the  human  intellect,  is  the  chief  instrument  of  civilization.  No  real 
civilization  would  exist  without  it,  and  in  its  absence  nothing  could  pre- 
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ventoor  ciriliKation,  includtug  art  ami  itN  master  wnrks,  from  nntmbling 
away  agaio  hopelessly,  as  at  the  denline  of  the  nncic^ut  world. 

ThiKOonsciousnesM  will  also  makeup  to  the  philosopher  for  tli«  thought- 
leasnesBof  themaltitudt^,  wliu,  while  enjoying  the  iH^iedts  thus  laviHlietl 
upon  thein,  hardly  know  to  whom  th«y  owt^  thein.  The  country  rings 
with  the  name  of  every  fiishionahle  ninsJtal  virtiMXO,  and  ey(;lo[>ediaM 
insure  its  immortality.  But  who  repeats  the  name  of  him  who  achieved 
that  Bnpreme  triumph  of  the  inventive  intellect — U>  convey  throngh  a 
(■opper  wire  across  far-stretchiug  countries  and  over  hill  and  dale  the 
Boand  of  the  human  voice  as  though  it  spoke  in  our  earl 

"Life  is  earnest,  art  is  gay;"  this  saying  of  Schiller's  remains  as  tme 
if  we  snbatitnte  science  for  life.  Art  is  the  realm  of  the  beautiful;  its 
productions  fill  us  with  an  enjoyment,  half  sensuous,  half  intellectual; 
it  is  therefore  a  realm  of  liberty  in  the  widest  sense.  No  rigid  laws 
are  enforced  in  it;  no  stern  logic  binds  the  events  of  the  present  to 
those  of  the  past  and  future;  no  certain  signs  indicate  success;  blame 
and  praise  are  diHtribute^l  by  the  varying  taste  of  ages,  nations,  and 
mdividuals,  so  that  the  glorious  (lothic  church  architecture  came  to  be 
derided  by  the  eighteenth  century.  In  art,  the  definition  of  genius  as 
a  talent  for  patience  does  not  bold  good.  Its  creations,  once  brought 
forth  in  a  happy  hour  of  revelation,  stir  oar  souls  with  elementary  force, 
and  scorn  all  abstruse  explanations,  subsequently  forced  upon  them  by 
art  criticism.  Whoever  accompliKhes  such  a  feat  also  ministers  in  a 
sense  to  the  cares  and  troubles  of  humanity.  Cntbrtunately  the  nature 
of  things  does  not  allow  such  fruit  to  ripen  at  all  seasons;  at  one  time, 
iu  one  direction,  the  culminating  point  will  be  reached,  and  then  age 
after  age  will  strive  in  vain  to  emulate  the  past.  The  finest  esthetic 
titeories  can  neither  carry  the  individual  beyond  the  limits  of  his  own 
natural  powers,  nor  retrieve  the  fortunes  of  a  declining  period.  Of  what 
use  has  been  the  recent  strife  in  the  artistic  world  between  natunkUsts 
and  idealistsi  Has  it  pnitccted  us  from  the  frequently  almost  intoler- 
able extravagances  of  the  latter  f  There  is  an  attraction  in  every  boldly- 
advauced  novelty  which  the  common  herd  is  unable  to  resist,  and  which 
will  invariably  triumph  till  antiquated  idea^  are  somehow  sarplanted 
by  fresh  ones,  or  by  the  lofty  riilc  of  some  irresistibly  superior  personality. 
Nor  can  science  in  the  stricter  sense  come  to  the  aid  of  art;  and  thus, 
straugers  at  heart,  without  materially  influencing  each  other,  each  seeks 
it«  own  way,  the  former  advancing  steadily,  though  irregularly,  the 
latter  slowly  fluctuating  like  a  majestic  tide.  Those  unfamiliar  with 
science  are  apt  to  recognize  the  supreme  development  of  our  ment^ 
favultiw  iu  art  alone.  Doubtless  this  is  a  mistake ;  yet  human  intellect 
aliiues  brighest  where  glory  in  art  is  coupled  with  glory  iu  science. 

We  may  notice  something  here  which  is  similar  to  what  occurs  in 
practical  ethics.  The  more  corrupt  the  morals  of  an  age  or  nation,  the 
more  we  find  virtue  a  favorite  topic.  The  flood  of  esthetic  theories 
liaes  highest  when  original  creative  power  is  at  its  lowest  ebb.    ZiOtzOt 
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>  for  more  highly  ornamented  suitors,  aprogeny  of  constantly 
k.  SriUiancy  of  coloring  being  thus  obtained.    Male  birds  of 

"  V  '  been  observed  to  vie  in  showing  off  their  beauty  before 

' v  ig  courtship.    The  power  of  song  in  nightingales  might 

'ie  same  caase,  the  female  in  this  case  being  more  sus- 
T18  of  melody  than  to  those  of  brilliant  coloring. 
<»erve  that,  iu  the  human  race  likewise,  certain 
'ich  as  the  imposing  beard  in  man  and  the  lovely 
7.''  ave  been  acqnire<l  throngh  sexual  selection.* 

.  aat,  by  repeated  introduction  of  handsome  Ctr- 
•     '  .'  ai'istocratic  Turkish  harems,  the  original  Mongol 

liises  has  been  remarkably  ennobled.  And  currying  the 
..lu^iple  further,  we  may  find  therein  an  explanation  for  the  fas- 
.iiation  which  female  beauty  has  for  man.  According  to  our  pres- 
ent views,  the  first  woman  was  not  made  of  a  rib  taken  out  of  the  first 
man — a  process -fraught  with  morphological  difileulties.  It  was  man 
himself  who,  in  countless  generations,  through  natural  selection, 
fasliioneil  woman  to  his  own  liking,  and  was  so  fashioned  by  her.  Tliis 
type  we  call  beautifhl,  but  we  need  only  to  cast  a  glance  at  a  Venus  by 
Titian,  or  one  by  Bubena — let  alone  the  different  human  races — to  recog- 
nize bow  little  absolute  this  beauty  is. 

If  one  kind  of  beauty  ('(nild  be  said  to  bear  analyzing  better  than 
another  it  is  what  might  be  termed  mechaDical  beauty.  It  is  noticed 
least,  because  it  eflcai>eK  all  but  the  practiced  eye.  This  kind  of  beauty 
may  belong  to  machines  or  physical  apparatuH,  each  part  of  which  is 
exactly  flttetl  to  its  purpose  in  size,  shitpe,  and  position.  It  answers 
more  or  less  to  the  definition  of  "  unconscious  rationality,"  our  satis- 
faction evidently  proceeding  from  an  unconsi-ious  perception  of  the 
right  means  having  been  employed  to  combine  solidity,  lightness,  and, 
if  necessary,  mobility,  with  the  greatest  possible  profit  in  the  transmis- 
sion of  force  and  the  smallest  waste  of  material.  A  driving-belt  is 
certainly  neither  attractive  nor  unattractive;  but  it  pleases  the  "  riaiw 
entditnM"  to  see  a  <;onnecting-rod  thicken  tfroin  the  ends  towards  the 
middle,  where  it  has  to  bear  tlie  greatest  strain.  Of  course,  this  kind 
of  beauty  is  of  recent  origin.  I  remember  Halske  telling  me  that,  as 
regards  the  construction  of  physical  and  astronomical  instruments,  it 
was,  to  bis  knowledge,  first  understood  and  established  as  a  principle 
in  Qermauy  by  Georg  von  Beichenbach  in  Munich.  Berlin  and  Mnnicli 
work-shops  produced  instruments  of  perfect  mechanical  beanty  at  a 
time  when  those  supplied  by  France  and  England  were  still  oft«n  dis- 


*  The  author  U  not  iiDuiriin>urMr.WKllacu'a  attack  on  Darwin's  eiplanatiou  of  the 
brllljaiit  plumage  of  male  birila  by  the  females'  preference,  an<l  of  the  ilisousaion 
Hiwn  betneeu  him  ami  Moiwrs.  Poulton,  Puoouk,  and  Peokham.  This  wan  not  the 
proper  plftce  fb  eDter  into  it,  thit  less  mi  bm,  whutuver  may  be  itH  outcome,  the  author's 
conelniiioa  from  the  theory  of  sexual  selection  would  remaia  nnaltetod. 
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ligiircil  hy  aimlesRly  onmiiiented  columns  and  cornices,  unpleaBantly 
recalling  tlie  impure  features  of  Koc«co  furniture  and  architecture. 

I  forget  which  Frencli  niatlieuiaticiaii  of  the  last  century,  in  sight  of 
tlie  cupola  of  St.  Peter's  at  Borne,  tried  to  account  for  the  seuse  of  per- 
fect satisfaction  it  gives  to  the  eye.  He  measured  out  the  curves  of 
the  cupola,  and  found  that,  according  to  the  rules  of  higher  statics,  itj^ 
shape  supplies  the  exact  maximum  of  stability  under  the  given  circum- 
stances. Thus  Michael  Angelo,  guided  by  an  unerring  instinct  in  the 
construction  of  his  model  (the  cupola  was  not  erected  till  after  bis 
death),  unconsciously  solved  a  problem  the  true  nature  of  which  lie 
could  hardly  have  undei'stood,  and  which  was  even  beyond  the  reach 
of  the  mathematical  knowledge  of  his  age.  Apparently  however 
there  are  several  roots  to  this  equation  of  beauty ;  at  h-ast,  there  is  one 
other  type,  for  which  I  quote  the  cupola  of  Val  de  Gnice  in  Taris, 
which,  if  not  as  imposing,  is  quite  as  gratityiug  to  the  eye  as  Miclniel 
Angelo's. 

It  will  be  observetl  that  in  this  case  mechanical  beauty  becomes  part  of 
the  art  of  architecture;  and  instances  of  this  kind  are  daily  growing  more 
frequent,  our  modem  iron  structures  being  more  favorable  to  it«  dis- 
play than  stone  buildings.  In  the  Eiffel  tower  we  see  mechanical  l>esaty 
struggling  with  the  absence  of  plastic  beauty.  On  this  occasion  it  was 
probably  revealed  for  the  first  time  to  many  who  hitherto  had  no  op- 
portunity of  experiencing  its  effect.  It  is  certainly  not  wanting  in  the 
new  Forth  Bridge.  There  is  no  doubt  however  that  in  stone  struc- 
tures too,  together  with  much  that  pleases  &om  habit  or  tradition, 
there  are  certain  features  which  evidently  attract  through  mechanical 
beauty — such  as  the  outline  of  the  architectural  members  of  a  buildiug, 
or  the  gentle  swelling  and  tapering  of  the  Doric  column  towan^s  the 
top,  and  its  expansion  in  the  echinus  and  abacus;  and  there  are  others 
which  offend  a  refined  tast^;  through  the  absence  of  this  beneilcial  ele- 
ment, such  as  the  meaningless  ornameutatious  of  the  Rococo  style. 

Even  in  organic  nature  mechanical  l>eauty  prevails  to  such  an  extent 
that  it  transforms  manj*  objects  into  a  source  of  delight  and  admiration 
to  the  initiated,  which  are  naturally  repulsive  to  the  untrained  eye. 
Anatomists  recognize  it  with  pleasure  in  the  structure  of  the  bones, 
especially  of  the  joints.     In  their  opinion  tha  "Dance  of  I>eath"  oot- 
riiges  go<Ki  taste  from  more  reasons  than  because  it  differs  fh>m  the 
classi<ral  conception  of  death.     Mechanical  beauty  was  already  per- 
ceived by  Benvenuto  Cellini  in  the  skeleton,  much  to  his  credit;  ami 
but  for  our  imperfect  knowledge  it  would  invest  with  its  glory  ever>' 
organic  form,  down  to  the  inhabitants  of  the  aquarium,  even  under  the 
very  microscope.    According  to  Prof  Schwendener,  even  pluits  are 
-'natmcted  on  the  same  principle  of  fitness  combined  with  thrift;  and 
lethiug  of  this  we  feel  at  sight  of  a  sprea^ling  oak  tree  proudly  dis- 
ding  its  vigorous  branches  towards  air  and  snnlight. 
Lgain,  our  appreciation  of  the  forms  of  animals,  especially  of  noble 
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breeOK,  in  greatly  iiiflueiK«<l  by  iiiecbanival  boaaty.  The  greyboniMl 
aud  the  bulldog,  the  rull-bretl  race  horse  aitd  tlie  bi-ower's  dray  horse, 
the  Southdown  and  tlit*  Merino  sheep,  the  Alpuie  cattle  and  the  ]>ut<',li 
milch  cow,  all  are  beautiful  in  their  kind,  even  though  a  bulldog  or  a 
Percberon  may  appear  ugly  to  the  uninitiated,  because  inea4;h  tbe  type 
of  the  species  has  bei^n  modified  to  the  utmost  degree  of  Htness. 

Though  science  ia  unable,  as  we  have  seen,  to  check  the  oceasionul 
decline  of  art  and  inspire  it  with  fre^  vigor,  yet  it  renders  invaluable 
services  of  a  different  kind  to  artists  by  increasing  their  insight,  im- 
proving their  technical  means,  teaching  them  useful  rules,  and  preserv- 
ing them  from  mistakes.  I  do  not  allude  to  anything  so  primitive  as 
the  manufacture  of  colors  or  the  technique  of  casting  in  bronze;  the 
less  so,  as  cnriously  enough  our  motlern  colors  are  less  durable  than 
those  of  entirely  unscientific  ages,  and  the  unsurpassed  thinness  oi'  the 
casting  of  Oreek  bronzes  is  regarded  as  a  proof  of  tlieir  authentittity. 
Kor  does  it  seem  necessary  to  recall  tbe  notorious  advantages  of  this 
kind  for  which  art  is  indebted  to  science.  Lineiir  perspective  was  in- 
vented by  Leonardo  and  Dilrer — artists  themselves.  It  was  follower! 
by  the  laws  of  reflection — unknown  to  ancient  painters,  i^  would  ap- 
pear fhim  tbe  Pompeian  frescoes  of  Nar<!issiu4 — and  by  tbe  geometi'ical 
construction  of  shadows.  The  rainbow,  which  hatl  better,  not  be  at- 
tempted at  all,  has  been  sinned  against  cruelly  and  persistently  by 
artists,  in  spite  of  optics.  Statics  furnished  the  rules  of  equilibrium 
BO  essential  to  sculptors.  Aerial  perspective,  again,  owes  its  develop- 
ment to  painters  chiefly  of  northern  climates. 

But  to  this  fundamental  stock  of  knowledge  the  progress  of  science 
has  added  various  new  and  ini^wrtant  acquisitions,  which  philosophers, 
some  of  flrst-rate  ability,  have  endeavored  to  place  within  the  rea^ih  of 
artists.  The  great  masters  of  bygone  ages  were  taught  by  instinct  to 
combine  the  right  colors,  as  women  of  taste,  acconling  to  John  Midler, 
always  know  how  to  blend  the  right  shades  in  their  dress ;  and  Oriental 
carpet  weavers  have  not  been  behindhand  with  them  in  that  respect. 
But  the  reason  why  they  anconsciously  succeed  was  not  revealed  till 
the  elder  Darwiiis,  Goethe,  Purkinye,  John  Milller,  and  others  culled 
into  existence  a  sub.je«^tive  physiology  of  the  sense  of  sight.  A  mem- 
ber of  this  academy,  Prof,  von  Briieke,  in  his  ''Physiology  of  Colors"" 
and  "Fragments  from  the  Theory  of  the  Fine  Arts  in  relation  to  Indus- 
trial Art,"t  treats  these  subjects  with  such  intimate  knowledge  an  could 
only  be  obtained  by  one  who  enjoyed  the  rare  advantage  of  couddning 
physiological  learning  with  an  artistic  educiitioD  acquired  in  bis  father's 
Btmlio.  In  France  Chevreul  pursue^i  similar  aims.  Even  I'rof.  von 
Helmtuiltz,  in  bis  popular  lectures,  has  devoted  his  profound  knowledge 
of  physiological  optics  to  the  service  of  art,  which  already  owes  him 
important  revelations  on  the  nature  of  musical  harmony.    Amongst 
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other  thiugs,  tie  esplaiued  the  relatioD  between  the  different  intensities 
of  light  in  objects  of  the  actual  world  and  those  on  the  painter's  pal- 
ette, and  pointed  ont  the  means  by  which  the  difficulties  arising  there- 
from may  be  overcome,"  Thus  painters,  as  von  Briicke  remarks,  have 
it  in  their  power  to  reprodace  the  dazzling  effect  of  the  disit  of  the  sun 
by  imitating  the  irradiatiou — a  defect  of  our  visual  perception,  the  true 
nature  of  which  was  recognized  by  von  Helmholtz.  An  example  of 
this,  interesting  through  its  boldness,  is  the  lovely  Castell  Gandolfo  in 
the  Baczynski  gallery. 

There  are  bo  many  and  striking  instances  of  snch  imperfections  of 
the  human  eye  that,  notwithstanding  its  marvellons  capabilities,  vou 
Helmholtz  has  observed  that  "he  would  feel  himself  justified  in  cen- 
soring most  severely  the  careless  workmanship  of  an  optician  who 
offered  him  for  sale  an  instrument  with  similar  defects,  and  that  he 
would  emphatically  reftise  to  take  it"  The  eye  being  the  chief  organ  of 
artists,  its  defects  are  of  great  importance  in  art  and  its  history',  and 
ulists  wonld  do  well  to  inform  themselves  not  only  on  these  defects  in 
general,  but  more  particolarly  on  those  which  they,  in  tbeir  own  per- 
sons, are  subject  to;  for,  as  Bessel  remarked  of  astronomical  insbn- 
meuts,  ''an  error  once  well  ascertained  ceases  to  be  an  error." 

Our  conception  of  the  stars  as  stars,  in  the  shai>e  adopted  symboli- 
cally by  decorative  art,  is  caused  by  a  defect  of  the  eye  closely  related 
to  imtdiation,  stars  being  luminous  spots  in  the  sky  without  rays,  as 
they  actually  appear  to  a  privileged  few.  Prof.  Esner,  wbo^e  line  of 
thought  we  shall  rc]>eiitedly  cross  in  the  coarse  of  these  reflections, 
justly  remarks  that  to  this  imperfection  the  stars  conferred  by  sover- 
eigns Its  marks  of  distinction  owe  their  origin  and  starfishes  their  name 
even  since  Pliny's  time.  The  different  varieties  of  halo,  however,  are 
more  probably  freeborn  children  of  onr  fancy — fi-om  the  Byzantine 
massive  gulden  disk  down  to  the  mild  phosphorescence  proceeding  from 
holy  hewls  and  in  C<»rreggio"s  "Sight"  from  the  entire  child,  which 
illumines  the  scene  with  a  light  of  its  own.  Ac<'ording  to  Prof.  Ksner, 
glories  of  the  latter  description  are  deriveil  from  the  radiance  which 
surrounds  the  shadow  of  one's  own  head  in  the  snnshine  on  a  dewy 
meadow,  and  which  in  &ct  has  always  been  comiiaretl  to  halos  iu  reli- 
gious pictures.  This  phenomenon  even  misled  Benvenuto  CeUloi  into 
rhi'  ninus  delusion  that  it  was  a  gift  granted  him  individnally  from 
and  a  reflection  of  his  visions,  snch  as  Moses  brought  down  from 
3iuai.f 

tin  otherwise  quite  iaes^plicable  pecoUarities  which  disfigure  the 
orks  of  the  <listinguished  landscape  painter  Turner  have  also 
actnl  to  defects  of  the  eye  by  Dr.  Richard  Liebreicb.(    Clouded 

.  Tun  Iklniholti,  rulfrrfnf  EtMpt  amJ  AtUht—a.  vol.  ii.  Brunawick,  18S4. 

I  Ji  Acarfnulo  Crllimi.  Mrilia  ila  liii  m«lesiiiHi.''  libro  primo,  cxxvu. 
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lenses  or  a  high  degree  of  astigmatism  might  easily  lead  a  paiuter  to 
distort  or  blur  objects  he  was  copying  lh>m  Datnre.  000461^8  steuoptic 
spectacles  or  cylindrical  si>ect!icles,  as  the  case  might  be,  would  prove 
as  tisefal  to  such  an  artist  as  concave  glasses  to  the  short-sighted. 

The  singolanties  of  aDOther  Eughsh  paiDt«r,  Mulready,  are  accounted 
for  by  Pr.  Licbreich  through  discoloration  of  the  leus  from  old  age. 
Auother  defect  of  the  eye,  color-blindness,  ought  to  be  mentioned  here, 
which  in  its  milder  forms  is  of  frequent  occurrence,  and  even  belongs  to 
the  normal  condition  of  the  eye  on  the  borders  of  the  field  of  vision. 
It  corresponds  in  the  domain  of  hearing  to  the  want  of  musical  ear. 
Color-blindness  was  known  long  ago,  but  has  been  inquired  into  with 
redoubled  zeal  latterly,  partly  with  regard  to  its  general  connection 
with  chromatics,  partly  on  account  of  its  serious  practical  consequences 
in  the  case  of  sailors,  railway  officials,  and,  as  Dr.  Liebreich  adds,  of 
painters.  Both  color-blindness  and  want  of  ear  are  inborn  defects,  for 
which  there  is  no  remedy.  A  color-blind  artist  is  however  better  off 
than  a  mnsician  without  an  ear,  if  such  a  one  were  imaginable,  for, 
even  if  he  neglected  the  mabl-stick  and  the  chisel,  he  might  still  seek 
bis  fortune  in  the  designing  of  cartoons. 

It  is  difficult  to  determine  the  particolar  point  where  optical  knowl- 
edge ceases  to  be  of  use  to  artists.  iNone  will  repent  having  studied 
the  laws  of  the  movement  of  the  eyes,  the  difference  between  near  and 
distant  vision,  and  the  observations  on  the  expression  of  the  human 
eye  contained  in  John  Muller's  early  work  on  "  Comparative  Physiology 
of  Sight."  Yet  it  mast  be  admitted  that  a  painter  may  paint  an  eye 
exceedingly  well  without  ever  having  heud  of  Sanson's  images,  which 
cause  the  solt  luster  of  a  gentle  eye  as  well  as  the  fierce  flash  of  an 
angry  one ;  as  Uttle  as  the  blue  sky  of  a  landscape  painter  will  gain  by  bis 
knowledge  of  the  yellow  brushes  in  every  great  circle  of  the  heavenly 
vault  which  passes  through  the  sun — a  phenomenon  which  has  remained 
unnoticed  for  countless  ages,  but  has  grown  familiar  to  physiologists 
since  Haiiiinger's  discovery. 

One  point,  however,  where  physicists  seem  to  me  not  to  have  been 
BufBeiently  consulted  is  the  much-debated  question  of  polychrome  in 
ancient  statues  and  ai-chitectare,  and  whether  it  should  be  adopted  by 
modem  art  or  not.  Physical  experiments  teach  that  very  intense 
illnmination  causes  all  colors  to  appear  whitish;  in  the  spectrum  of  the 
BUD,  seen  immediately  through  the  telescope,  the  colors  vanish  almost 
entirely,  nothing  remaining  except  a  light  yellow  hue  in  the  red  end- 
As  the  colors  grow  whitisli  the  glaring  contrasts  are  softened,  they 
hleiid  more  harmoniously.  In  the  open  air,  tberefore,  our  eye  is  not 
shocked  by  the  scarU't  skirt  of  the  contadina,  which  recurs  almost  sis 
invariably  in  Oswald  Achenbach's  Campagna  landscapes,  as  the  white 
horse  in  Wouvermann's  war  scenes.  The  Greek  statues  and  buildings 
may  have  looked  well  enough  with  their  glaring  decorations  under  the 
bright  southern  sky  on  the  Acropolis  or  in  the  Poitile ;  in  the  duU  Ught 
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of  our  Dorthem  home,  above  all  in  closed  rooms,  they  are  somewhat 
oat  of  plac^ 

111  another  direction  Wheatstone  has  added  valuable  informatiou  to 
the  knowledge  of  iiainters  tmd  designers  vrith  his  stereoscope.  It  dem- 
ODstrates  the  fnndamental  differenee  which  distingolshes  binocnlar 
vision  of  neai*  objects  fi-om  monocular  vision,  as  well  as  from  binocular 
vision  of  objects  so  &r  removed  that  the  distance  between  the  eyes 
vanishes  as  compared  with  their  distance.  An  impression  of  solidity 
can  only  be  obtained  by  each  eye  getting  a  different  view  of  an  object, 
the  two  images  being  fUsed  into  one,  so  as  to  appear  solid.  A  painter 
can  therefore  only  express  depth  by  shading  and  aerial  perspective;  he 
will  never  be  able  to  produce  the  impression  of  actual  soUdity  on  his 
canvas.  WhUe  Wheatstone's  psendoscope  exhibits  the  nnheard-of  spec- 
tacle of  a  concave  human  face,  Eelmholtz's  tele-stereoscope  magnifies, 
as  it  were,  the  space  between  the  eyes,  and  resolves  a  for-off  range  of 
woods  or  hills  without  atrial  perspective  into  its  different  distances. 
Finally,  Halske's  stereoscoiie,  with  movable  pictures,  confirms  old  Dr. 
Robert  Smith's  explanation  of  the  much-debated  circumstance  that  the 
san  and  moon  on  the  horizon  appear  larger  by  almost  a  fifth  of  their 
diameter  than  when  seen  in  the  zenith,  and  reduces  the  problem  to  the 
other  question :  why  the  vault  of  the  sky  appears  to  us  tiattened  in- 
stead of  hemispherical. 

However,  the  almost  contemporary  invention  of  photography  was  des- 
tined to  be  of  vastly  greater  importance  to  the  fine  arts.  It  had  always 
been  the  dream  of  artists  as  well  as  physicists  to  fix  Delia  Porta's 
charming  pictures — a  dream  the  re^ization  of  which  did  not  seem  qoite 
impossible  since  the  discovery  of  chloride  of  silver.  One  mast  have 
witnessed  Dagnerre's  invention,  and  Arago's  report  of  it  in  the  Chamber 
of  Deputies,  to  conceive  the  universal  enthusiasm  with  which  it  was 
welcomed.  Daguerre's  method,  being  complicated  and  of  restricted 
application,  was  soon  cast  into  the  shade  by  the  one  still  essentially 
practiced  at  the  present  day.  However,  it  is  worth  recording  tbat, 
when  the  first  specimens,  imperfect  as  they  were,  reached  us  from  Bug- 
land,  no  one  foresaw  the  immense  success  in  store  for  Talbotypes;  on 
the  contrary,  the  change  lirom  silver-coated  ]ilates  to  paper  impregnated 
with  the  silver  salt  was  received  with  doubt  and  considered  a  retro- 
gression. 

Thus  photography  entered  on  its  marvellously  victorious  career. 
With  respect  to  art,  it  promptly  fulfilled  what  Arago  had  promised  in 
its  name.  It  not  only  facilitated  the  designing  of  architecture,  interi- 
ors, and  landscapes,  and  rendered  the  camera  clara  unnecessary  even 
for  panoramas,  but  also  furnished  many  valuable  hints  with  regard  to 
light  and  shade,  reflection  and  chiaroscuro,  and  the  general  means  of 
reproducing  as  closely  as  possible  on  a  level  surface  the  raisetl  appear- 
ance of  solid  forms,  A  competent  judge  of  both  arts  might  find  it 
tin  interesting  task  to  ascertain  what  share  phott^rtqriiy^l^M-had  in 
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the  origin  of  the  inodeni  acliools  of  painting  and  in  the  maDner  of 
impress ionistB  and  pleinairista.  It  further  tanght  landscape  painters 
to  depict  rocks  and  vegetation  with  geological  and  botanical  accuracy, 
and  to  represent  glaciers,  which  hitherto  had  been  but  rardy  aod  never 
auccesBfnlly  attempted.  It  cangbt  and  fixed  the  changing  aspect  of 
the  clouds,  though  only  yielding  a  somewhat  restricted  survey  of  the 
heavens.  It  aided  portrait  painters,  without  exciting  their  jealousy; 
for,  onabte  to  rival  tbem  in  representing  the  average  aspect  of  persons, 
it  only  seized  single,  often  strained  and  weary,  expressions,  rendering 
almost  proverbial  the  comparison  between  a  bad  portrait  and  a  photo- 
graphed face;  nevertheless  it  supplied  them  on  many  occasions  with 
an  invaluable  groundwork,  lacking  nothing  but  the  animating  toncb 
of  an  artist's  hand. 

However,  the  recent  progress  of  photographic  portraiture  claims  the 
att«ution  of  artists  in  more  than  one  respect.  Duchenne  and  Darwin 
called  into  existence  a  new  doctrine  of  the  expression  of  tlie  emotions ; 
the  former  by  galvanizing  the  muscles  of  the  face,  in  order  to  imitate 
different  expressions,  the  latter  by  inquiring  into  their  phylogenetic 
development  in  the  animal  series.  Both  presented  artists  with  photo- 
graphs which  quickly  consigned  to  oblivion  the  copies  hitherto  employed 
for  pur[>oses  of  study  in  schools  of  art,  dating  chiefly  from  Lebruu; 
even  the  sketebes  in  Signor  Mantegaiiza's  new  work  on  "Physiognomy 
and  Mimics"  will  scarcely  enter  into  competition.  On  Mr.  Herbert 
Spencer's  suggestion  Mr,  Francis  Galton  subsequently  solved  by  the 
aid  of  pbotography  a  problem  whicli  was  previously  quite  as  inac- 
cessible to  painters  as  the  representation  of  an  average  expression  to 
photographers.  He  combined  the  average  features  of  the  face  and 
skull  of  a  sufficient  number  of  persons  of  the  siune  age,  sex,  profession, 
coltore,  or  disposition  to  disease  or  vice  in  one  typical  jiortrait,  which 
exhibits  only  those  characteristic  forms  common  to  their  varioas  dis- 
positions. This  was  efiected  by  blending  on  one  negative  the  faint 
images  of  a  series  of  pernouM  belonging  to  the  same  description.  In 
the  same  manner  Prof  Bowditi-h,  of  Harvard  Medical  School,  Boston, 
obtained  the  reprcsentjitive  face  or  type  of  American  students  of  both 
sexes  and  of  tramway  conductors  and  drivers.  In  the  latter  instance 
the  intellectual  superiority  of  the  conductors  over  the  drivers  is  ])laiuly 
visible.     How  Lavater  and  (.>a)l  would  have  relished  this! 

Of  course  tbe  average  expression  of  a  single  person  might  be  pro- 
cured by  similar  means,  if  it  were  worth  while  summing  up  on  the  same 
plate  repeated  photographs  of  different  expressions.  Instantaneous 
photography,  however,  furnishes  a  welcome  substitute  for  the  average 
expression,  by  seizing  with  lightning  swiftness  the  changing  pliasea  of 
tlie  human  countenan(;e  in  tiieir  full  vivacity.  Here  again  pathology 
places  itself  at  tbe  dispomil  of  art.  M.  Charcot  has  found  that  photo- 
graphs of  the  convulsions  and  facial  distortions  of  hysterical  patients 
fesemble  our  classical  representations  of  the  jwasessed.    fiaphael's 
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realism  in  this  respect  is  perhaps  the  moat  curioas  of  all,  being  so  mach 
at  variance  with  his  idealistic  nature.  In  the  possessed  boy  of  the 
"Transfiguration  "  a  cerebral  disease  can  be  almost  safely  inferred  from 
the  Magendie  position  of  the  eyes,  and  the  circumstance,  rec  ently  ob- 
served in  New  York,  that  the  left  hand  is  depicted  in  a  spasm  of  athe- 
tosis would  accord  well  with  this  diagnosis.* 

II. 

There  is  yet  another  direction  in  which  art  owes  instructive  disclos- 
ures to  the  progress  of  photography.  In  the  year  1836,  the  Brothers 
WiUiam  and  Edward  Weber  represented,  in  their  celebrated  work  on 
the  "  Mechanism  of  the  Human  Locomotive  Apparatns,"  a  person  in 
,the  act  of  walking  in  those  attitudes  which  according  to  theoretical 
calculation  must  occur  successively  daring  one  step.  Thence  a  strange 
fact  became  apparent.  At  the  beginning  and  end  of  each  step,  while 
the  body  rests  for  a  short  time  on  both  feet,  the  pictures  agree  per- 
fectly with  the  ordinary  way  in  which  painters  have  been  accnstomed 
to  represent  walking  persons.  Bat  during  the  middle  of  the  step, 
while  one  foot  is  swinging  past  the  other,  the  effect  is  highly  eccentric, 
not  to  say  ludicrous.  The  individual  appears  to  be  stumbling  over  his 
own  feet  like  a  tipsy  fiddler,  and  nobody  bad  ^^^r  been  seen  walking  in 
such  a  way.  On  the  last  page  of  their  book  the  Brothers  Weber  pro- 
pose to  test  tbe  correctness  of  their  diagrammatic  figures  by  the  aid  of 
Stampfer  &  Plateau's  stroboscopic  disks  in  the  shape  of  Homer's 
Diedalenm,t  which  has  (strange  to  say)  returned  to  us  from  America  as 
a  new  invention,  under  the  name  of  "zoetrope"  or  even  "vivantos- 
cope;"  but  whether  the  proposal  was  carried  out  or  not  does  not 
appear. 

However,  WiUiam  Weber  lived  to  see  his  assertions  thoroDghly 
justified  almost  half  a  century  later  by  instantaneous  photography. 
It  was  first  put  into  practice  in  1872  by  Mr.  Eadweard  Muybridge  at 
the  snggestion  of  Mr.  Stanford,  in  order  to  fix  tbe  consecutive  attitudes 
of  horses  in  their  different  paces.  The  result  was  the  same  as  in 
Weber's  diagrammatic  flguresj  pictures  were  obtained  which  nobody 
could  believe  to  have  been  seen  in  reality.  On  photographs  of  street 
life  and  processions  the  camera  frequently  surprised  people  in  attitudes 
quite  as  odd  as  those  attributed  to  them  by  tbe  brothers  Weber  on 
theoretical  grounds.  The  same  is  the  case  with  the  remarkable  series 
of  photographs  of  a  flying  bird  during  one  beat  of  its  wings,  obtained 
by  M.  Marcy  with  his  photographic  gnn. 

The  explanation  is  known  to  be  as  follows:  Au  obje4.:t  in  motion,  tbe 
8i>eed  of  which  varies  periodically,  leaves  a  deeper  and  more  lastiag 

'Sachs  &  Petenen,  "A  t^tnd;  of  Cerebral  Palsies,"  etc.,  Journal  of  Jitrvont  Wrf 
MenUil  Diieaut,  New  York,  May,  1890. 
^FhiUnofHcal  MoffoMne,  January,  1834,  Sdoeriet,  vol.  ii,  p-  36,        k  )tj[i' 
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impression  od  our  mind  in  those  positions  wliicb  it  occupies  longeat, 
while  the  impressiou  is  fainter  and  more  fleeting  in  those  through 
nhich  it  passes  quickly.  Apart  from  all  knowledge  of  this  law,  a 
pahiter  would  never  represent  a  Dutch  clock  in  a  cottage  with  the 
pendulum  at  the  perpendicular,  as  every  spectator  would  inquire  why 
tlie  clock  had  been  stopped.  The  pendulum,  having  swung  in  one  di 
rection,  necessarily  stops  for  a  moment  while  ]>repaFing  to  return  in 
the  other,  and  consequently  its  diverging  position  is  more  vividly 
stamped  on  our  minds  than  those  during  which  it  passes  through  its 
position  of  rest  with  a  maximum  of  speed.  Precisely  the  same  thing 
occurs  with  the  alternately  swinging  legs  of  a  man  during  the  act  of 
walking;  the  body  remains  longest  in  the  position  in  which  both  feet 
Bopport  it,  and  shortest  in  that  during  which  one  foot  swings  past  the 
otber.  We  therefore  receive  scarcely  any  impression  from  the  latter 
series  of  attitudes.  We  imagine  a  walking  person,  and  painters 
accordingly  represent  him,  in  the  interval  between  two  steps,  with 
both  feet  touching  the  ground. 

In  the  case  of  a  running  horse,  however,  particular  circumstances 
intervene.  However  rapid  the  succession  of  instantaneous  photo- 
graphs, we  never  obtain  the  usual  image  of  a  racing  horse  such  as  it 
appears  in  large  numbers  in  the  print-shops  at  the  racing  season,  and 
8Qch  as  we  suppose  we  actually  see  in  reality.  It  is  different  in  the 
case  of  man;  there  among  pictures  obtained  methodically  or  by  chance, 
which  have,  so  to  speak,  never  been  perceived  by  the  naked  eye,  some 
will  always  occur  which  agree  with  the  usual  aspect  of  a  walking  per- 
son. The  difference  consists  in  this,  that  in  a  racing  horse  the  interval 
of  time,  during  which  the  fore  legs  remain  in  complete  extension,  does 
not  coincide  with  that  during  which  the  hind  legs  are  fully  extended. 
Both  these  positions  prevailing  in  our  memory,  they  are  subsequently 
blended  into  the  traditional  picture  of  a  race  horse,  whereas  instan- 
taneous photography  fixes  them  successively.  Consequently  the  tra- 
ditional picture  is  wrong,  and  exhibits  the  horse  in  a  position  through 
which  it  does  not  even  transitorily  pass. 

In  the  year  1882,  an  illustrated  American  paper  brought  out  a  picture 
of  a  steeple-chase,  in  which  all  the  horses  are  copied  from  Muybridge's 
photographs,  in  attitudes  only  visible  to  a  rapid  plate.  This  ingenious 
sketch  was  communicat«d  to  us  by  Prof.  Eder  in  Vienna,  iu  a  pamphlet 
on  instantaneous  photography,  and  a  stranger  spectacle  can  not  well 
be  imagined.  The  correctness  of  these  apjtareutly  wrong  pictures  can 
however  be  proved  by  realizing  the  idea  originally  suggested  by  the 
brothers  Weber,  and  integrating  into  a  general  impression  the  period- 
ical motion  which  has  been  resolved,  as  it  were,  into  differential 
pictures.  This  is  done  by  gazing  in  the  dtedaleum  at  a  series  of  photo- 
graphs taken  at  sufficiently  brief  intervals  from  an  object  in  periodical 
motion,  or  illuminating  or  projecting  it  momentarily  during  its  rapid  . 
flight  past  the  eye.  The  latter  method  has  been  put  iuto  practice' h^' 
H.  Mis.  334,  pt.  ] 
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Mr.  Maybridge  himBelf  in  his  "zoopraxiscope,"  aiiid  with  us  in  the 
elvt'tric  stroboscope  by  Mr.  Ottomar  Anschiitz,  a  most  skillful  handler 
of  iDstantaneou»  photography.  In  both  iiietruments  we  see  men  iuid 
horses  reduced  to  their  natural  mode  of  walking,  rauning,  or  jumping — 
with  one  exceptioo.  The  speed  with  wbk-h  the  slita  of  the  daedaleum 
yisisa  before  the  eye,  or  the  period  during  which  each  picture  is  illomi- 
uated,  being  exactly  the  same  for  the  whole  series,  the  general  effect 
produced  is  somewhat  tUfferent  from  what  it  would  be  in  real  lir& 
Ou  the  whole,  however,  the  position  in  whicb  both  feet  are  toachjog 
tbe  ground,  prevails,  because  the  motion  of  the  legs  slackens  when 
approaching  this  position,  so  that  the  pictures  follow  each  other  more 
closely  and  almost  coincide. 

The  series  of  instantaneous  photographs  taken  by  Mr.  Hnybridge 
and  Mr.  Anschutz  firom  an  athlete,  during  tbe  performance  of  a  mns- 
cular  effort,  are  an  inexhaustible  source  of  instruction  to  students  of 
the  nude.  Mr.  Anschiitz's  stroboscope  exhibits  a  stone  and  a  spefu*- 
thrower  in  all  the  different  stages  of  their  violent  action;  their  muscles 
are  seen  to  swell  and  slacken,  untU  Anally  the  missile  is  represented 
after  its  discharge,  as  it  can  not  move  aay  faster  than  the  hand  in  tiie 
act  of  hurling  it.  Animal  painters  will  find  eqnally  useful  the  instwi- 
taneons  photographs  which  Mr.  Muybridge  and  Mr.  Anscbiitz  have  ob- 
tained from  domestic  and  wild  animals. 

Even  on  breakers  in  a  stormy  sea  the  camera  has  been  employed 
with  surprising  success.  In  making  use  of  these  photographs,  painters 
should,  however,  remember  that  tbe  human  eye  can  not  see  the  waves 
as  a  rapid  plate  does,  and  beware  of  producing  a  picture  which  in  cer- 
tain respects  would  be  quite  as  incorrect  as  tbe  clock  which  appears  to 
have  been  stopped,  or  the  man  stumbling  over  his  own  feet. 

Finally,  the  traditional  representation  of  lightning  in  the  shape  of  a 
flery  zigzag  has  been  recently  proved  by  Mr.  Shelford  Bidwell,  on  the 
evidence  of  two  hundred  instantaneous  photographs,  to  be  just  as 
wrong  as  the  tnidittonal  picture  of  a  racing  horse.  Mr.  Eric  Stuart 
Bruce  endeavors  to  vindicate  the  zigzag  by  taking  it  for  a  reflection  on 
enniulus  clouds;  ■  it  is,  however,  difficult  to  understand  bow  its  sharp 
angles  can  be  accounted  for  in  this  way. 

Prof,  von  Briicke  bivs  devoted  a  special  essay  to  the  rules  for  tbe 
artistic  rendering  of  motion,  which,  together  with  tbe  laws  on  the  com- 
bination of  colors,  have  at  all  times  been  unconsciously  followed  by  the 
great  masters. 

A  cultivated  and  artistically  gifted  eye,  supported  by  sufficient  tech- 
nical knowledge,  was  always  able  to  comatose  genuine  works  of  art  in 
photography,  as  Mrs.  Cameron  long  ago  proved.  In  oar  days,  Dr.  Yi- 
anna  de  Lima  has  shown  how  this  branch  of  art  has  been  advanced 
and  extended  by  instantaneous  photography.    It  contributes  a  solution 


■A'atun,  vol.  xui,  pp.  151  and  191,„,  ..GoOQ  Ic 
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to  Conti's  qaestioti  in  Lessing's  "  Emilia  Galotti" — whether  Raphael, 
had  he  been  born  without  hands,  would  not  the  less  have  been  the 
greatest  of  paint«rs.  The  photographic  plate  has  been  described  as 
the  tme  retina  of  the  philosopher;  and  one  might  add,  of  the  artist,  if 
it  were  not  nnlnckily  almost  color-blind.  Uufortunat«ly,  theoretical 
reasons  which  experience  will  hardly  contradict  render  it  highly  im- 
probable that  the  expectations  still  entertained  by  artists  and  the  gen- 
eral pnblic,  with  regard  to  photography  in  nataral  colors,  will  ever  be 


Whether  photography  does  not  act  unfavorably  on  the  reproductive 
arts,  such  as  engraving,  lithography,  and  woodcntting,  by  taking  their 
place  to  an  increasing  extent,  remains  to  be  proved.  Its  fidelity  is  cer- 
tainly sach  as,  in  a  certain  sense,  to  lower  the  value  of  the  original 
drawings  of  old  masters,  by  making  them  common  property.  An  exhibi- 
tion, arranged  by  one  of  our  art-dealers  severe  years  ago,  of  the  best 
engravings  of  the  "Madonna  della  Sedia,"  together  with  a  photograph 
trom  the  original,  first  opened  oar  eyes  to  the  extent  to  which  each 
master  has  embodied  in  his  copy  his  own  individual  conception.  But 
even  were  ]ihotography  to  cause  such  a  retrogresaion  in  the  reproduc- 
tive arts,  of  what  importance  woold  that  be,  compared  to  the  immeasur- 
able services  which,  as  a  means  of  reproduction  itself,  it  renders  art, 
by  disseminating  the  knowledge  and  enjoyment  of  artistic  work  of  all 
kinds  and  periods!  No  one  can  fiilly  estimate  and  appreciate  what  it 
biW  done  to  beautify  and  enrich  onr  life,  whose  memory  does  not  reach 
back  into  those,  as  it  were,  prehistoric  times,  "when  man  did  not  yet 
travel  by  steam,  write  and  speak  by  lightning,  and  paint  with  the  sun- 
beam." 

Is  it  credible,  after  all  this,  that  there  can  be  any  need  of  mentioning 
the  benefits  derived  by  art  from  the  study  of  anatomy!  Has  not  the 
"Gladiator"  of  the  Palazzo  Borghese  given  rise  to  the  conjecture  that 
there  were  anatomical  mysteries  among  the  Greek  artists,  as  the  only 
means  by  which  they  could  haveobtained  such  complete  mastery  of  the 
nndel  Was  it  not  through  incessant  anatomical  studies  that  Michael 
Angelo  acquired  the  knowledge  necessary  for  the  unprecedented  bold- 
ness of  his  attitudes  and  foreshortenings,  which  are  still  a  source  of  ad- 
miration to  anatomists  such  as  Prof.  Henke  and  Prof,  von  Briickel 
Has  not  provision  been  made  by  all  governments  that  methodically 
enconrage  art  to  afford  to  students  an  opportunity  of  training  the  eye  on 
the  dead  subject  to  note  what  they  will  have  to  distinguish  under  the 
living  skint  Have  not  three  successive  teachers,  who  afterwards  be- 
came members  of  thisacademy,  been  intrusted  with  this  important  duty 
in  Berllnl  Finally,  do  we  notpossess  excellentcompendiumsof  anat- 
omy specially  adapted  to  the  use  of  artistst 

And  yet  the  most  renowned  English  art  critic  of  the  day,  who  in  his 
country  enjoys  the  reputation  and  veneration  of  a  Lessing,  uid  who 
lays  down  the  law  with  even  more  assurance — Mr.  John  Buskin—^''' 
explicitly  forbids  his  pupils  the  study  of  anatomy  in  his  lectures  on 
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"The  Betation  of  Natural  Science  to  Art,"*  given  before  tlie  llDiver- 
sity  of  Oxford.  Even  iu  the  preface  he  deplores  itspernicioaaiaflneooe 
on  Mantegoa  and  Diirer,  aa  contrasted  with  Botticelli  and  Holbein, 
who  kept  £ree  tVom  it.  "The  habit  of  contemplating  the  aoatoiuical 
structure  of  the  human  form,"  he  continues,  "is  not  only  a  hindrance, 
but  a  degradation,  and  has  been  essentially  destructive  to  every  school 
of  art  in  which  it  has  been  practiced."  According  to  him,  it  misleads 
painters,  as  for  instance  Diirer,  to  see  and  represent  nothing  in  the 
bnman  fa45e  but  the  skull.  The  artist  should  "  take  every  sort  of  view 
of  animals,  in  fact,  except  one — the  butcher's  view.  He  is  never  to 
think  of  them  as  bones  and  meat." 

It  would  be  waste  of  time  and  trouble  to  refute  this  Mse  doctrine, 
and  to  set  forth  what  an  indispensable  aid  anatomy  gives  to  artists, 
without  which  they  are  left  to  grope  in  the  dark.  It  is  all  very  well 
to  trust  one's  own  eyes,  but  it  is  better  still  to  know,  for  iust^uice,  how 
tiie  male  and  female  skeleton  differ;  why  the  kneecap  follows  the  direc- 
tion of  the  foot  during  extension,  and  not  during  flexion  of  the  leg; 
why  the  profile  of  the  upper  arm  during  supination  of  (he  hand  differs 
from  that  during  pronation ;  or  how  the  folds  and  wrinkles  of  the  face 
correspond  to  the  muscles  beneatli.  Gampe's  facial  angle,  though 
superceded  for  higher  purposes  by  Prof.  Vircbow's  basal  angle,  still 
reveals  a  world  of  information.  It  is  hardly  conceivable  how,  without 
knowledge  of  the  skull,  a  forehead  can  be  correctly  modelled,  or  the 
shape  of  a  forehead  such  us  that  of  the  "  Jupiter  of  Otricoli "  or  the 
"  Hermes  "  be  rightly  understood.  Of  course  fanciful  exaggeration  of 
anatomical  forms  may  lead  to  abuse,  as  is  frequently  the  case  with 
Michael  Angelo's  successors ;  however,  there  is  no  better  remedy  against 
the  Michael  Angelesque  manner  than  earnest  studyof  the  real.  Finally, 
a  suiierficial  knowle«lge  of  comparative  anatomy  helps  artists  to  avoid 
such  errors  as  an  illustrious  master  once  fell  into,  who  gave  the  hind- 
leg  of  a  horse  one  joint  too  many;  or  such  as  amuses  naturalistx  in  the 
crocodile  of  the  Fontaine  Ouvier  ne-ar  the  Jardin  des  Plantes,  wbtch 
tnrns  its  stiff  neck  so  far  back  that  the  snout  almost  touches  the  flank. 

We  are,  however,  less  surprised  at  Mr.  Buskin's  opinions,  ()n  learo- 
ing  that  he  similarly  prohibits  the  study  of  the  nude.  It  is  to  be  «m- 
fined  to  those  parts  of  the  botly  which  health,  custom,  and  decency 
permit  to  be  left  uncovered,  a  restriction  which  certaiuly  renders 
anatomical  studies  somewhat  superfluous.  It  is  satisfactory  to  think 
that  decency,  custom,  and  health  allowed  the  ancient  Greets  more 
liberty  in  this  respect.  Fortunately,  the  Bnglisli  department  of  tbe 
Berlin  International  Exhibition  four  yejirs  ago  lias  convinced  us  that 
Mr.  Buskin's  dangerous  paradoxes  do  not  yet  generally  prevail,  and 
that  we  are  fi-ee  to  forget  them  in  our  admiration  of  Mr.  Alma  Tadenu's 
and  Mr.  Herkomer's  paintings.    Nor  could  Mr.  Walter  Crane's  charm- 

1  tlio  Kelatiou  ut  Natunil  Scienrv  tu  Arl.' 
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ing  illastratiuDs,  tlic  deligbtof  our  inirBeries,  Iiavn1>ceu  imxliirt-d  with- 
out disregard  of  Mr,  Ruskiii's  iireposterous  doirtrinc. 

In  the  Rftnie  lei^ture  Mr.  KiiKkiu  o|){>o»i>s  with  thi'  ntiuost  velicmeiico 
the  thwry  of  evolation  and  natural  selection,  anil  the.  o'sthetic  role 
founded  on  it^  a<M^oFding  to  whieh  vertebrate  animals  ahoiild  not  be 
represented  with  more  than  four  legs.  "  Can  any  law  be  conceived," 
he  says,  "more  arbitrary,  or  more  apparently  causeless f  What 
stnmgly  plauted  three-legged  animals  there  might  have  been !  what 
systematicaUy  radiant  five-legged  ones!  what  volatile  six -winged  ones! 
what  circumspect  seven-headed  ones!  Had  Darwinism  beeu  true,  we 
Bhonld  long  ago  have  split  our  heads  in  two  with  foolish  thinking,  or 
thmst  out,  from  above  our  covetous  hearts,  a  hundred  desirous  arms 
and  clutching  hands,  and  changed  ourselves  into  Briarean  Cephalo- 
poda." 

Obviously,  this  false  prophet  has  no  notion  of  what  in  morphology  is 
called  a  type.  Can  it  be  necessary  to  remind  a  countryman  of  Sir 
Bichard  Owen  and  Prof,  Huxley  that  the  body  of  every  vertebrate  ani- 
mal is  based  on  a  vertebral  column,  from  which  it  derives  its  name, 
expanding  at  one  end  into  a  skull,  reduced  to  a  tail  at  the  other,  and 
toTPounded  before  and  behind  by  two  bony  girdles,  the  pectoral  and 
tbe  pelvic  arches,  from  wbieli  depend  the  fore  and  hind  limbs,  with 
their  typical  joints  I  The  very  fact  that  i)aleontology  has  never  known 
aoy  form  of  vertebrate  animal  to  depart  from  this  tyi»e  is  ui  itself  a 
striking  argument  in  favor  of  the  doctrine  of  evolution  and  against 
the  assumption  of  separate  acts  of  creation,  there  being  no  reason 
why  a  free  creative  power  should  have  thus  restricted  itself.  So  little 
will  nature  deviate  from  the  type  oni-e  given  that  even  deformiticH  are 
traced  back  to  it  by  teratology.  They  are  not  really  monstrosities; 
not  even  those  with  a  single  eye  in  the  middle  of  the  forehead,  wliicli 
Prof.  Exner  takes  to  be  prototypes  of  the  Cyclops,  Flaxman  being  <«r- 
tainly  mistaken  in  representing  Polyphemus  with  three  eyes — two  nor- 
mal ones  which  are  blind,  and  a  third  in  the  forehead.  Real  monstros- 
ities are  those  winged  shapes  of  Eastern  origin,  invented  by  a  riotous 
fancy  while  art  was  in  its  childhood ;  the  bulls  of  Nimrild,  the  Harpies, . 
Pegasus,  the  Sphinx,  the  griffin,  Artemis,  Psyche,  Notos  of  the  Tower 
of  Winds,  tbe  goddesses  of  Victory,  and  the  angels  of  Semitie-Cliris- 
tian  origin.  A  third  pair  of  extremities  (Kzekiel  even  admits  a  fourth), 
is  not  only  contrary  to  the  type,  but  also  irrational  in  a  mechaniiral 
Hense,  there  being  no  muscles  to  govern  them.  In  the  "  Fight  with  the 
Dragon"  Schiller  has  liappily  avoided  giving  his  monsti'r  the  usual 
pair  of  wings;  and  in  Itetzsch's  illustrations  its  shape  agrees  so  far  with 
comparative  anatomy  sis  to  recall  a  l*lesio.saui-iis  or  Zeuglixlon  returned 
to  life  and  changed  into  a  land  animal;  indeed,  the  resemblance  be- 
tween those  animals  and  the  mythical  dragon  has  led  to  the  questiou 
whether  tbe  first  human  being  might  not  have  actually  gazed  ui>oo  the  . 
last  specimens  of  those  extinct  animal  nic^s.  ■  LiOOj^lC 
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All  abotniuation  clotsely  related  to  the  wiiiged  beasts  are  tbe  Ceo- 
tauTB,  with  two  thoracic  and  abdutninal  cavitiei^  aud  a  double  set  of 
viscera;  the  Ocrberua  and  Hydra,  with  several  heads  on  as  muiy 
necks;  and  the  warm-blooded  HippocampH  and  Tritons,  whose  bodies, 
destitat«  of  hiud  linibB,  end  in  cold-blooded  fish — an  anomaly  which 
already  Hhocked  Horace.  If  tliey  had  at  least  a  horizontal  tail  fin  they 
might  paHs  fora  kind  of  whale.  Tbe  cloven-footed  faou  is  less  intolerable; 
from  him  our  Satan  inherited  his  horns,  pointed  ears,  and  hoofs,  on  ac- 
count of  which  Cuvier,  in  Franz  von  Kobell's  witty  apologue,  ridicales 
him  as  an  inoffensive  vegetable  feeder.  The  heraldic  animals,  such  as 
the  donble  eagle  and  tbe  nnicom,  have  no  artistic  pretensions,  and 
their  historical  origin  entitles  them  to  an  indulgence  they  would  other- 
wise not  deserve. 

It  is  a  remarkable  instance  of  the  flexibility  of  our  sense  of  beauty 
that,  though  saturated  with  morphological  principles,  our  eye  is  no 
longer  offended  by  some  of  these  monstrositiea,  snch  as  the  winired 
Nike  and  the  angels;  and  it  would  perhaps  be  pedantic,  certainly  in- 
effectual, to  entirely  condemn  these  traditional  and  more  or  less  sym- 
bolical figures,  though  in  foct  the  greatest  masters  of  tbe  best  epochs 
have  made  very  slight  ase  of  them.  There  are  however  limits  to  our 
toleration.  Giants,  as  they  occur  in  our  tiigantomachia,  with  thighs 
turning  half  way  down  into  serpents,  which  conseqnently  rest,  not  apon 
two  legs,  but  npon  two  vertebral  columns  ending  in  heads  and  endowed 
with  special  brains,  spinal  cords,  hearts,  and  intestinal  canals,  special 
lungs,  kidneys,  and  sense  organs — these  are,  and  always  will  be,  the 
abhorrence  of  every  morphologically  trained  eye.  They  prove  that,  if 
the  scolptors  of  Pergamon  surpassed  their  predecessors  of  the  Periclean 
era  in  technical  skill,  they  were  certainly  second  to  them  in  artistic  re- 
finement. Perhaps  they  should  be  excused  on  the  plea  that  tradition 
bound  them  to  represent  the  giants  with  serpent  legs.  The  Hippo- 
camps  and  Tritons,  with  horses'  legs  and  fish  tails,  which  disfigure  our 
Schlossbriicke,  date  6'om  a  period  in  which  classical  taste  still  reigned 
supreme,  and  morphological  views  were  still  less  widely  diffused  than 
at  present.  Let  us  therefore  pardon  Schinkel  for  designing  or  at  least 
sanctioning  them,  as  well  as  the  winged  horse  and  griffin  on  the  roof 
of  the  Schanspielhaus,  for  which  he  must  also  be  held  responsible.  But 
oar  indignation  is  justly  aroused  when  a  celebrated  modem  painter  de- 
picts with  cnide  realism  such  Diiashapen  male  and  female  monsters 
wallowing  on  rocks,  or  splashing  about  in  the  sea,  their  bodies  ending 
in  fat  shiny  salmon,  with  the  seam  between  the  human  skin  aud  the 
scaly  cover  scantily  disguised.  Such  ultramarine  marvels  are  wor- 
shipped by  tbe  crowd  as  the  creations  of  genius;  then  what  a  genius 
II  (ill  en -Breughel  must  have  been ! 

Curiously  enough,  the  inhabitants  of  the  caves  of  P^rigord,  the  con- 
temporaries of  the  u)ammotb  and  musk  ox  in  France,  and  the  bushmen 
whose  painting»  were  <liscovered  by  Prof.  Fritsch,  only  represented  as 
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f)titlifa)ly  118  possible  snch  niiimal!*  with  which  they  wen^  familiar; 
whereuBtheAztec8,apeople  of  comparatively  liif^h  ^civilization,  iodiilged 
ill  fancies  of  more  than  Eastern  hideouoneHH.  It  would  almottt  appear 
as  if  bad  tast«  were  associated  with  a  middle  stage  of  caltare. 

With  regard  to  the  teaching  of  anatomy  io  schools  of  art,  the  above 
provefa  that  it  should  not  be  confined  to  human  osteology,  myology, 
and  the  doctrine  of  locomotion  alone,  but  that  it  should  also  eu4leavor — 
and  the  task  is  not  difficult — to  familiarize  the  student  with  the  funda- 
mental principles  of  vertebral  morphology. 

Botanists  shonld  in  their  turn  point  out  such  violations  of  the  laws 
of  the  metamorphosis  of  plants  as  must,  no  doubt,  f^qnently  strike  them 
in  the  acanthus  arabesques,  palmettos,  rosett«s,  and  scrolls  handed 
down  to  uB  from  the  ancients.  For  obvious  reasons,  however,  theae 
can  not  SkSevt  them  as  painfully  as  malformations  of  men  and  animals, 
being  in  themselves  repulsive  to  natural  feelings,  would  the  compara- 
tive anatomist.  Moreover,  a  beneficial  revolution  has  recently  taken 
place  in  floral  ornament.  The  displacement  of  Gothic  art  by  the 
antique  daring  the  Renaissance  had  led  to  a  dearth  of  ideas  in  decora- 
tive art.  The  rich  fancy  and  naive  observation  of  nature  displayed 
upon  the  capitals  of  many  a  cloister  had  gradually  given  way  to  a 
fixed  conventionalism  no  longer  founded  on  reality.  Raucb,  at  Car- 
rara, in  search  of  a  model  for  the  eagles  on  inn  luonuments,  was  the 
first  to  turn  to  a  golden  eagle,  accidentally  captured  on  the  spot,  in- 
stead of  to  one  of  the  statues  of  Jupiter.  It  was  then  that,  towards 
the  middle  of  the  century,  decorative  art  began  to  shake  off  its  fetters, 
and,  combining  truthfulness  with  beauty,  returned  to  the  study  and 
artistic  reproduction  of  the  living  plants  with  which  we  are  aurroundeii. 
In  this  respect  the  Japanese  hwl  long  ago  adopted  a  better  course,  and 
to  them  we  have  siuce  become  indebted  for  many  suggestions.  Thus 
highly  welcome  additions  were  made  to  the  decoration  of  our  homes 
and  the  ornaments  of  female  dress. 

In  one  direction,  however,  it  will  be  observed  that  men  of  science 
readily  dispense  with  a  strict  observation  of  the  laws  of  uature  in  art, 
at  the  risk  of  being  charged  with  inconsistency.  In  works  of  art,  both 
ancient  and  modern,  flying  and  soaring  figures  occur  in  thousands. 
These,  no  doubt,  sin  against  the  omnipotent  and  deeply  felt  laws  of 
gravity  quite  as  much  as  the  most  loathsome  creations  of  a  depraved 
imagination  against  the  principles  of  comparative  anatomy,  familiar 
only  to  a  few  adepts.  Nevertheless  they  do  not  displease  us.  We  pre- 
fer them  without  wings,  because  wings  are  contrary  to  the  type,  and 
could  be  of  no  use  to  them  without  an  enormous  bulk  of  muscde.  But 
we  do  not  mind  the  Madonna  Sistina  standing  on  clouds  and  the  sub- 
ordinate figures  kneeling  on  the  same  impossible  ground.  "Ezekiel's 
ViMon''in  the  Palazzo  Pitti  is  certainly  less  acceptable.  Buttoquote 
modem  examples,  Flaxman's  "Clods  flying  to  the  aid  of  the  Trojans," 
or  Cornelins's  Apocalyptical  riders,  and  Ary  S<-lieller's  divine  Francesca 


680  ON   THE    RELATION   OF   NATURAL   SCIENCE   TO   ART. 

(li  Kiiuini,  with  which  Doi-e  liatl  to  enter  iuto  hopeless  competition,  are 
not  the  less  enjoyable  because  tbey  are  physieally  impoasible.  We  do 
not  even  object  to  LtiiDi's  representing  tbe  corpse  of  St.  Catharine 
carried  through  the  air  by  aiigels,  or  to  tbatof  Sarpedon,  in  Flaxmau'n 
drawing,  by  Sleep  and  Death. 

In  an  interesting  lei^ture  on  the  "  Physiology  of  Flying  and  Soaring 
in  tbe  Pine  Artw,"  Prof.  Exner  endeavors  to  explain  why  illastratioDs 
of  uieu  and  animals  in  this  condition,  though  impossible  and  never 
vitsible  in  real  life,  strike  us  as  familiar  and  natural.  I  do  not  profess 
to  agree  entirely  with  the  solution  which  he  appears  to  prefer.  Ujg 
idea  is  that  onr  sensations  in  swimming,  and  the  position  in  which  we 
see  persona  above  us  in  the  water  when  diving,  are  similar  to  what  we 
woold  experience  in  dying.  Considering  what  a  short  time  the  art  <^ 
swimming  has  been  generally  practiced  by  modern  society,  especially 
by  ladies,  who  nevertheless  appreciate  flying  figures  just  the  same, 
doubts  arise  as  to  tbe  correctness  of  Prof.  Exner's  explanation.  To 
attribute  the  feeling  to  atavism  in  a  Darwinian  sense,  dating  from  a 
fish  x>eriod  in  the  development  of  man,  seems  rather  far-fetched.  And 
do  not  the  sensations  and  aspect  of  a  skater  come  much  nearer  to  flying 
or  soaring  than  those  of  a  swimmert 

Another  remark  of  Prof.  Exner,  which  had  also  occurred  to  me^ 
appears  more  acceptable.  It  is,  that  under  especially  favorable  bodily 
conditions  we  experience  in  our  dreams  the  delicious  illusion  of  flying. 
For 

"in  each  Boul  is  boro  tlie  pleftsare 
Of  j-eumiDg  onward,  upward,  and  airaj. 
When  o'er  otir  heads,  loat  in  the  vaulted  azure, 
Tbe  tark  sends  down  his  fliirkeriug  lay, 
When  over  oruK"  and  piny  highUnda 
The  poising  eagle  slowly  Boare, 
And  over  plains  and  lakes  and  islands 
The  crane  sails  by  to  other  shores."' 

Who  would  not  long,  like  Faust,  to  soar  out  and  away  towards  the 
setting  sun,  and  to  see  the  silent  world  bathed  in  the  evening  rays  of 
eternal  light  far  beneath  his  feett  And  when  we  long  for  anything, 
wc  love  to  hear  of  it,  and  to  see  it  brought  before  us  in  image.  Onr 
desira  to  rise  into  tbe  xther,  and  our  pleasure  in  "Ascensions"  and 
similar  representations,  are  further  enhanced  by  the  ancient  belief  of 
mankind  in  the  existence  of  celestial  habitations  for  tbe  blessed  beyond 
the  starry  vault;  a  belief  which  Giordano  Brunu  put  an  end  to,  though 
not  so  thoroughly  but  that  we  are  constantly  forgetting  how  badly  we 
should  fare,  were  we  a<;tually  to  ascend  into  those  vast,  airless,  icy 
regions,  which  even  the  swiftest  eagle  would  take  years  to  traverse 
before  alighting  on  some  probably  uninhabitable  sphere. 

We  are  now  inclined  to  reverse  the  question,  and  to  ask:  What  have 
sculpture  and  painting  been  able  to  do  for  science  iu  retorn  for  its  vari- 

'  Translation  of  fioethe's  "  Faust,"  by  Bayard  Taylor, 
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0U8  8ervice»t  With  tb»  exueption  of  external  work,  such  aa  the  repre- 
sendug  of  natural  objects,  not  much  else  than  the  resultn  obtained  by 
poiDters  as  to  tbe  coinpoxition  and  combinatiou  of  colorn,  which,  how- 
ever, have  not  exercised  as  strong  an  influence  on  chromaticB  as  music 
oD  acoustics.  It  is  known  that  the  Greeks  possessed  a  canon  of  the 
proportions  of  the  human  body,  attributed  to  Polycletes,  which,  as 
Prot  Merkel  recently  objected,  unluckily  only  applied  to  the  full-grown 
frame,  to  tbe  detriment  of  many  ancient  works  of  art.  The  blank  was 
not  systematically  filled  up  till  the  time  of  Gottfried  Schadow.  This 
canon  has  since  become  the  basis  of  a  most  promising  branch  of  anthro- 
pology— anthropometry  in  its  application  to  the  human  races. 

If  the  definition  of  art  were  stretched  so  far  as  to  include  the  power  of 
thinking^  and  conceiving  artistically,  then,  indeed,  it  would  be  easy 
enough  to  find  relations  and  transitions  between  artists  and  philoso- 
phers, though,  as  we  remarked  at  the  beginning,  their  paths  diverge  so 
completely.  But  it  is  not  so  certain  that  natural  science  would  neces- 
Barily  be  benefited  by  an  artistic  conception  of  its  problems.  Tbe  aberra- 
tion of  science  at  the  beginning  of  this  century,  known  as  German 
physiophilosophy  owed  its  origin  quite  as  much  to  testhetics  as  to  meta- 
physics, and  the  same  erroneous  principles  guided  Goethe  in  his  scien- 
tific researches.  Tbe  artistic  conception  of  natural  problems  is  in  so 
br  defective  as  it  contents  itself  with  well-ronnded  theoretical  abstrac- 
tloDs  instead  of  penetrating  to  the  causal  connection  of  events  to  the 
limits  of  our  understanding.  It  may  sufiBce  in  cases  where  analogies 
are  to  be  recognized  by  a  plastic  imagination  between  certain  organic 
forms,  such  as  the  structnreof  plants  or  vertebrate  animals;  but  it  fails 
altogether  in  subjects,  such  as  the  theory  of  colors,  because  it  stoi>s 
short  at  the  study  of  what  are  supposed  to  be  primordial  phenomena 
instead  of  analyzing  them  mathematically  and  phytdcally.  Prof,  von 
Briicke  subsequently,  by  the  aid  of  the  nndulatory  theory,  traced  to 
tieir  physical  causes  the  colors  of  opaques  on  which  Goethe  foanded 
his  theory  of  colors  and  which  to  this  day  have  tended  rather  to  darken 
than  to  enlighten  certain  German  intellects.  Tbe  difference  between 
artistic  and  scientific  treatment  becomes  very  evident  in  this  example. 

Nevertheless,  it  can  not  be  denied  that  artistic  feeling  may  be  useful 
to  scientific  men.  There  is  an  [esthetic  aspect  of  experiment  which 
strives  to  impart  to  it  what  we  have  termed  mechanical  beauty;  and 
no  experimenter  will  regret  having  responded  to  its  demands  as  far  as 
was  in  his  power.  Moi-eover,  tbe  transition  Aroin  a  literary  to  a  scien- 
tific epoch  in  the  intellectual  developement  of  nations  is  accompanied 
by  a  tendency  to  brilliant  delineation  of  natural  phenomena,  arising 
from  the  double  influence  of  the  setting  and  the  dawning  genius.  In- 
stances thereof  are  Buffon  and  Bernardin  de  Saint-Pierre  iu  Fiance, 
and  A1e:tander  von  Humboldt  in  Germany,  who,  to  his  extreme  old  age, 
remained  faithflil  to  this  tendency.  In  the  course  of  time,  this  somewhat 
incongruous  mixture  of  styles  splits  into  two  different  manners.     Pop- 
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iilar  teaching  preserves  its  oruauiental  chamctor,  while  the  results  of 
Bcieotific  reBearch  only  claim  that  kind  of  beauty  which  in  literatim 
eorrosponds  to  mechauical  beauty.  In  this  sense,  as  I  long  ago  ven- 
tured to  indicate  here  on  a  similai  occasion,  a  strictly  scieDtific  paper 
may,  in  tasteM  hands,  be  made  as  finished  a  piece  of  writing  as  a  work 
of  fiction.  To  strive  aft«r  such  perfection  will  always  repay  the  trouble 
to  men  of  science;  for  it  is  the  best  means  of  testing  whether  a  chain 
of  reasoning,  embracing  a  series  of  observations  and  conclosions,  ia 
faoltlessly  complete. 

And  this  kind  of  beanty,  which  often  graces,  onconscioaaly  and  dh- 
sought  for,  the  utterances  of  genius,  will  no  doabt  be  alao  foond  to 
adorn  I<eibnitz's  writings. 
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Appropriation  of  income  of  InHtitntinu Xtl 

disbnrsvd  by  Riuithsouian  Institution xxiii.  xut,  4 

for  build  Mig  repairs,  to  bo  pipended  by  tbe  Secretaty xii,  xiii 

C'apron  collection xxxiilxxxviii,  xui 

daught«rsof  thelate  JoiH-ph  Hfury xxxii,  xxxviii,  xut 

international  vixrhangeH xxiu, 

sxxvi,  XXXVII,  XXXVIII,  xu,  4, 11.39,  W 

National  Museum xsvi,  xxxviii.xlii,4 

flimiture  and  Hxtureti xxx, 

XXXiV.  XXXVli,  xxxviii,  xui,  4 
beating,  lighting,  etc xxxi, 

SXXIV,  XXXV,  XSXVII,  XSXVIII,  lUI,  4 

postage XXXII,  xxx  vii,  xxxiiii,  xui,  4 

preservation  of  oollectiona Xxxill, 

XXXVII,  xxx%-iii,  XUI,  4 

printing xxxil, 

XXXV,  xxx%ix,  XXXVIII,  XLi,  XUI,  4 
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Argeotine  Repnblio,  GoTemmBntal  exehaogea  nitb 4T 

trsiMiiuBaionB  made  to 45 

ArkaDsas,  monnds  in,  ezamiaed  bf  W.  B.  Holmes 29 

Armadillo  added  to  Zoological  Park 52 

Arm;  Medical  Library  the  depository  of  medical  publications  received  hj 

Smithsoniaa  InatitutioD 12 

Haseom,  exchange  relations  with 41 

Alt,  relation  of  natoial  science  to,  paper  by  E.  da  Bois-Reymond 661 

Arts  and  industry  collections,  acoessjons  to 18 

Asiatic  elephant  presented  by  Jamea  E.  Cooper 50 

Asio  aocipitrinOB  and  nilsonianua,  added  to  Zoological  Fork 52 

Assignment  of  rooms  for  acientiflo  work U 

AsHiHtance,  additional,  required  for  National  Hnseun 17 

Assistant  appointed  in  exchange  bureaa 42 

Astro-phjsjcol  observatory 7 

bequest  of  l>r.  J.  H.  Kidder 7 

building  to  beereat«d  by  Sniitbaanian  Institution xiit,7 

Congresnional  appropriation  for xliii,  ft 

donatioQ  from  Dr.  Alexander  Graham  Bell 7 

eotablisliment  of. 7 

estimates  for 4 

exchange  relations  with 41 

means  required  for  maintenance  of xin 

Secretary's  report  on 1,6 

instruments  employed 7 

permanent  establishment  expected  from  Congress 8 

iterviresof  Prof.C.C.Hutchine S 

Asnnc ion,  Paraguay,  exchange  agency  In 44 

Ateles  at«r  added  to  Zoological  Park 52 

Athens,  OreBoe,  cxrhaiige  agency  in 44 

AtliW  Sleamship  ("ompany,  grant  i^ee  freight 43 

Atmosphere,  the  general  circulation  of  the,  paperon,  by  Werner  von  Siemens.  179 
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repayments  on  account  of XXll 

report  on 8.60 

Contribntions  to  North  American  Kthnology.  vol.ii 37 

Cooper,  James  E.,  presented  Aaiatiu  elephant  to  Zoiilogii'sl  Park 60 

Copenhagen,  Denmark,  exchange  agency  in 44 

Coppi'e.  Dr.  Henry,  memlier  of  executive  committee X,  XXXIX 

regent  of  the  institution , x,  SI 

Copperhead  added  to  Zoologicul  Park fi3 

Corbin  Gome  Park,  paper  on,  by  J.  R.  Spears 417 

Corit:ction  of  sextants  for  eri-or  of  eccentricity  olid  graduation,  by  JoMeph 

A.  Rogera 8.61 

CorroBiHwdence  of  Exchange  Burean '. 38,39.4443 

of  National  Museum,  i 
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CorrMpoadenla,  new  lint  of,  needed 4G 

Cortie,  R.  J.,  grnots  free  freight 43 

Corona  americanus  add«d  to  2oolugivitl  Park 52 

Coita  Rica,  exchange  agency  fur 44 

tranHmbwiona  made  to 4ti,4T 

('reek,  vocabulary  of,  in  jireiiaratiou 35 

Trow  added  to  Zoologiral  Park 52 

C'lonn  agents  for  the  colonies,  London,  net  as  exchange  agent* 44 

(^nba,  Hxchouge  agency  for 44 

tranamiuions  made  to Jl>,47 

Cnltom,  Hon.  Shelby  M.,  regent  of  the  Inatitation x,  xi 

Cnnard  Royal  Hail  Steanuhip  Company,  grant  A-e«  freight 43 

Caratorabips  in  National  Museum  ehoald  be  increaaed < 16 

Cnrtin,  Jeremiah,  engaged  in  preparation  of  Tocabnlariea 36 

CiirtiB,  George  E.,  translation  by 179 

Cnstoma  dntitts,  paymi>ntof,  Congreesiunal  appropriation  for xi.tt 

duty  on  glass  for  Natiunol  MitHeiini,  < 

CyolophiH  vernal  in  added  to  Zoological  Park 

Cynomys  ludoviciauns  added  to  Zoological  I'urk . . 


Daeyptocta  agouti  added  to  Zoological  Park fS 

Day-book  sheets  for  recording  of  exchange  traiisactionR 45 

Death  of  exchHngo  agenta 42 

Deer,  accommodations  for,  in  Zoological  Park 49, 50 

added  to  ZoTiIugical  Park 52 

Den  Heldet,  Holland,  exchange  agency  in 44 

Deiuoark,  consul  for,  grants  free  freight 43 

exchange  agency  for 44 

governmental  exchangea  with 47 

transmission  made  to 46,47 

Dennison,  Thomas,  grants  i^ee  freight 43 

Density  of  oxygen  and  hydrogen,  apparatus  fof  determitiatiuus  of 6 

Department  of  Agriculture,  exchange  relations  with 41 

the  Interior,  exchange  relations  with 41 

Labor,  exchange  relatione  with 41 

Stat«,  exchange  relation  with 41 

War,  exchange  relatioua  with 41 

Departments  in  National  Museum  should  be  oxt«nde<l 16 

of  National  Museum,  accessions  to 18 

Depoeition  of  books  in  library  of  the  Surgeon-General,  I'.H.  Army 12 

Depoaits  from  sale  of  bonds S 

Devens,  Hon.  Charles,  appoiutttd  regent Xt 

declined  appointment  of  regent xi,  1,  2 

death  of,  announced  by  secretary xii 

Development  of  Zoological  Pack 23.24,^ 

DiameterH  of  tubing,  stMidards  of 6,7 

Dicotyles  tiuofu  added  l-o  Zoological  Park , 52 

Dictionary  of  Indian  tribes,  by  Henry  W.  lleuHbaw 34 

Didelphya  virgininika  added  to  Zoological  Park 52 

DilHcnltieH  iu  the  life  of  a<|unti<-  inserts.     Paper  by  I..  ('.  Miall 349 

Dinwiddle,  William,  Held  work  of 30 

DisburxemuutHliy  Smithsonian  lustitution tnpr^i-ivCioOQllA 


DiBbDrsemeDtc  for  iDteraatirmal  exchange xxiii,xxiv,  xxx^T,  11,40 

Nortb  Americao  Ethnology xxiv.ixv 

Nationftl  Hownm xxvi,  xxx,  xxxi,  xxxii,  xxxiii,  xxxiv,xsxv 

preserration  of  coUectionH XXVI,  xxxiii 

fomi tore  and  fixtnies xxx,xxxiv 

heating,  lighting,  etc xxxi,  xxxv 

poHtage .' XXXII 

printing xxxu 

Pnrkinn  vollevtion -      XXXU 

daughtont  of  the  late  Joseph  Henry xxxii 

Capron  oolloclion xxxni 

Stnithdonian  building  repair xxxri 

Zoological  Park  , xxxv,  xxxii 

DiaplaiTH  of  tbe  World's  Colnmbiau  Exposition,  CoDgiessional  appropriation 

for 20 

District  of  Columbia,  ancient  quarries  in,  examined  hy  W.  H.  Holmes 29 

Commisaioners  of,  exchange  relations  with (1 

Divergent  cTolntion ;  paperby  J.T.  Quiick 2S9 

Doberck,  Dr.  D.  W.,  acta  as  exchange  agent  for  China U 

Dotnestio  antmals,  <«l lection  of,  uuceasions  to 19 

distribation  of  exchange  packages ^    42 

exchange  packages  sent 3K.3S 

are  xent  by  registered  mail 43 

societies  in  correspondence  vlth  Exchange  Bureau :IK.39,40 

Donation  from  Ur.  Alexander  Graham  Bell 3,7 

Donations  to  Sniithsouian  fund 3 

Dorpat,  University  of,  sent  set  ofacadoiuic  publications 68 

Dorsey,  Rev.  J.  Owen,  monograph  on  the  llegihn  language 34 

papers  in  preparation  by 34 

Donlton  &,  Co.,  memorial  from xvi,  xvn 

Draft  of  bill  for  reimbursement  of  moneys  advauced  for  exchanges xix 

Dntch  Guiana,  exchange  agency  for 41 

transmissions  made  to 46,41 


Eagle  added  to  Zoological  Park 53 

Earll,  Ednard  S.,  appointed  chief  epeirial  agent  to  the  World's  <,'olumbian 

Exposition 3> 

Early  history  of  exchange  service 9,10 

East  India,  exchange  agency  for 44 

transmissions  made  to 46,47 

Eastern  shore  of  Chesapeake  Bay,  archaeological  visit  (ji 19 

Economic  geology  collections,  accessions  to 19 

Ecnador,  exchange  agency  for 44 

tiansmissions  made  to 46.47 

Educational  Bnrean,  exchange  relations  with 41 

Etbciency  of  exchange  service 42 

Effigy  mound  examined  by  W.  H.  Holmcn 39 

Egypt,  exchange  agency  for 44 

trausmissions  made  to 46,47 

Ehnikau  vocabnlary  in  preparation  liy  Jttremlali  I'nrtiii 36 

Elephant  presented  to  Zoological  Park  by  .lames  E.  Cooiht 50,52 

.    Emeraon,  W,  R.,  design  for  fence  in  Zoologii'al  Park 48 

Engineer  Bureau,  U.S.  Army,  exchaugo  rrlatiouB  with ...,-.,. .-.mi^n  41 
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Engino^Tini;  collection,  ucc«Mi(iDe  to 18 

Eoglanil,  bydrograpfaio  «ffi<jo  of.  <ti>uationH  to  library  by 58 

EDtomologiral  Commission,  exchange  rolations  with 41 

Ephemeris,  Amurirun,  excbange  relations  with 41 

BMthizoD  dorsatnn  added  to  Zoologlrnl  Park &2 

Eriuacens  enropieiiR  added  to  Zoologii-Al  Park 52 

Krlangon,  University  of,  sent  M-t  of  academic  publii-atioiis 58 

Gspriella,  Consul- (ii-neral  Joato  R,  dr  la,  grouts  free  freight 43 

"Eatabliabment"  tube  composed  of  all  Cabinet olttcerti xvii 

merobers  ez  ofieio  of  the ix 

F-Btimated  eipenditDres  for  ]891-'92 4 

AHtro-phyaical  observatory 4 

International  eschangea 4 

National  UoBeiim 4 

cuctoms  dnty  on  glass,  eto 4 

fnmitare  and  fiitni«s 4 

heating  and  ligbtiug 4 

postage 4 

prea«rvatiou  of  coUei^tions 4 

printing  and  binding 4 

replacing  old  boilers 4 

replacing  wooden  lioor 4 

North  American  ethnology 4 

Zoological  Park 4 

Ethnological  exhibit  for  World's  Columbian  Eipositiim 33 

research  among  the  Indians,  rei>ort  on ^,29 

Congressional  appropriation  for 4 

aittimates  for  I«91-'92 4 

Ethnology.  Bureau  uf,  Congreuional  appropriation  for xxiv,  xxv, 

exchange  relations  with 11 

expend itn res  on  acconnt  of x\iv,  Xxv 

Powell,  J.  W..  in  charge  of xxiv 


(."•'re  Ilureau  of  Ethnology.) 

collections,  uccsHsious  to 19 

Evolution,  divergent;  paper  by  J.T.  Galiclc 269 

of  commerce;  paper  by  Ganliner  (!.  Hubbard W7 

Exajnination  of  accounts  by  eipcutive  i-ommittee xxxvil] 

Exchange,  bnreaua  of,  establiahed  by  Nf  w  Suutli  Wall's  und  Crngiiiiy 4  J 

relatioiiH  with  the  (iovernment .'. 10 

service,  value  of 10 

system,  governmental  work  done  by 10 

Exclianges,  intematiDoal 9, 38 

agents  of , 4-1 

I'orrespon  dents 11,  JO 

detailed  dcscri]>tion  of 10, 11, 38, 12 

disborseaieuts 11,40 

early  history  of 9,10 

efficiency  of  service 42 

governmental 10, 11,41 

ex]>euBeB 11, 39 

of  official  docunienlji -t^i  'A^l'l® 

receipts .....":!.       U, » 
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Ezohauges  received  by  librorjr I3,S3 

reiiDbnraement  uf  eipenditnrM  on  Aorannt  of,  requested xvu 

repayments  OD  ovcount  of - xxii 

report  of  cnrator  on ,10, 38, 17 

Secretary's  report  on 9 

shipping  agents I!,*S 

transmlssioiu *5 

Winlock.W.C,  cnralorof *7 

Executive  Committee  of  theBoardof  Begenla x,  xxxix 

report  for  1891 xii,  xxi,  xxxix 

TMohitions  introduced  by Xtl 

EspeusG*  of  exchange  service 11.39,40 

Eipenditnres  fiom  Smithsonian  fnnd xxii 

of  SmithBonian  Institntion 3 

Expenses  of  maint-aining  the  Zoological  Park 23 

ExperinieDle  in  aero-dyoamios ;  paper  by  S.  P,  Langley 7,8 

Explorations  conducted  by  Bnrean  of  Etlmology 8 

Kational  Museum 8 

expenditures  on  account  of xxii 

Extra  copies  of  Report  for  1691  ordered  to  beprioted ii 


Facilities  offered  National  Uosenm  are  iusufflcient 15 

Faico  sparverius  added  to  Zoological  Park SS 

Felis  concolorand  pardalis  added  to  Zoological  Park &S 

Fence  aroimd  Zoological  Park 31 

Ferret  added  to  Zonlogical  Park 52 

Fiber  aibethicus  added  to  Zoological  Park 53 

Field  work  of  the  Bureau  of  Ethnology 20.89 

Finances  of  the  Smithsonian  Institution 2 

Fire-prooling  of  Smithsonian  building,  Congressional  appropriation  for xlt,5 

Fish  Commission,  exfhange  relations  with 41 

Fisheries  collection,  accessions  to ^ 18 

Fishes,  collection  of,  accessions  to 19 

Flint  blades,  ose  of,  to  work  pine  wood,  paper  ou,  by  G.V.Smith 601 

Flooring,  renewal  of,  in  National  Mnsenm,  estimates  for ( 

Floors,  new,  for  National  Museum,  Congresaional  appropriation  for xul 

Florio  Enbattino  Line  grant  free  freight W 

Flow  of  solids,  paper  by  William  Hallock 237 

FlUgel,  Dr.  Felix,  acknowledgments  due 12.  W 

exchange  agent  for  Austria  and  Qermany 14 

Foods,  collection  of,  accessions  to 18 

Foreign  agenc IPS  of  the  Exchange  Bnriran M 

correspondents,  new  list  of,  nrgcntly  needed *5 

distribution  of  exchange  packages 42 

individDals  in  correspondence  with  Exchange  Bureau 38.39,10 

societies  in  correspnndence  with  Exchange  Bureau 38,3^10 

transmissions  of  exchanges 45 

increasing  frequency  of U 

Foresttreesof  North  America,  by  Dr.  Asa  Gray 8,00 

Forget,  A.,  grants  ftee  freight 13 

Fossil  plants,  collection  of,  accessions  to " 

Foster,  Hon.  Charles,  appointed  member  nf  "Tlie  KstablishmeDt" 1 

Fowke,  Cerard,  tiold  work  of SO." 


Fox  suWwl  to  Zofilogicttl  PbtIc 82 

I'>auc«,  esctaoDga  agency  for 44 

goveromenMl  exchauges  with 47 

tmnsmisaiODS  made  to 46, 47 

Free  freight  granted  to  exchange  tranimiwions 11,42 

Freibarg,  UniTersit;  oi^sent  let  of  academic  pnblioatiooH 58 

Freight  not  charged  on  exchange  traniimiaaionH 11, 42, 43 

p^doD  Bcooont  of  intematioDal  excliangeB 40 

re-paymento  for,  provided  for  by  ComgreBsioual  acta xu 

French  Bxohauge  Bureftu,  donations  to  libriuy  by 58 

Fuller,  Hon.  Melville  W.,  chancellor  of  the  Institution X,xi 

member  of  "  Tbe  Eetabliahment" ix 

President  of  the  Board  of  Kegents X 

Funch,  Edj'e  &  Co.  grunt  free  fi«ight 44 

Fnrnitiire  and  lixtureH  of  Institation,  expendituies  for xxii 

for  1889— 

balance  of  appTopriittiuii xxxiv,  xxxvii 

expenditores xxxiv 

for  1890— 

balnnoeof  appropliatiou xxxiv,  XXXVII 

expenditareH xxxiv 

of  National  Hnseum  for  1891 — 

CongTessional  appropriation  for xxx,  xxxvti, 

XXXVIII,  xui 

expendltnres  on  account  of xxx 

Congressional  appropriation  for 4 

estimates  for  1891-'92 4 


Galapagos  tortoise  added  to  Zoological  Park B3 

Q&llua  bonkiva  added  to  Zoulogii;!tl  Park 52 

Qalvauometer  employed  by  astro-phynical  observatory .^. 7 

Gatechet,  Albert  8..  linguistie  work  of 35 

monograph  on  Klamath  Indians 35,37 

General  circnlatioa,  the,  of  the  atmonphere,  paper  on,  by  Werner  vou  Siemens  179 

General  Land  OtSce.  exchange  relations  with 41 

Geographic  dlHtribation  of  life  in  North  America,  paper  by  C.  Hart  Merriaiii  366 
Geological   Survey,  Congressional  act  dinwtiag  payment    of   freight   on 

exchanges xli 

Geology,  application  of  physics  and  mathematics  to,  paper  by  C.  Chree  —  1^ 

collection,  accessions  to 19 

Georgetown,  British  Qiiinna,  exchange  agency  in 44 

Georgia,  mounds  in,  exominatioiie  of 30 

Germany,  exchange  agency  for 44 

goveninicntiil  exchanges  with 47 

transmiHSiouH  muile  to 46,47 

Geysers,  pa))er  on, by  Waller  Harvey  Weed 163 

Gibbs,  Dr.  Wolcott,  HssiHliince  given  to 6 

invest) gat iinis  iiiMin  chemical  cumponudH 6 

Gibson,  Hon.  Kandnll  I..,  Regi'nt  of  the  Institution X,  Xi 

Gieswin,  Univeraity  of,  sent  set  of  aciideuiic  piilili  cat  ions SB 

Gifts  to  Zoiilogical  Park   2S 

Oila  River  region.  uTrhirologinil  explorutiou  of ,. 10*^411^ 

Gila  monster  aildt^  to  Zoological  Park tS 


Gill,  l>e  LuDcy  W.,  preparod  illuBtrntiniiB  Tor  Iturean  of  Ethnology 3G 

Gla&s  anake  added  to  Zoological  Pkrk 52 

Goodale,  George  Lincoln,  paper  on  pomibility  of  economic  boUny 617 

Goode,  Dr,  0.  Brown,  appaiDt«d  u  representative  to  the  World's  Colarabian 

EipoBition 20 

AwiBtaiit  Secretary  of  the  InHtitiition II 

Gordon  &  Gotcli,  London,  the  exchange  agents  for  New  Caledonia 44 

Goose  Creek,  shell  depoAits  of,  oiamination  of 31 

Oottiugen,  University  of,  sent  set  of  academic  pnblicatlous S8 

Governmental  exchanges,  statement  of 11,41 

Government  collections,  additional  sp»ce  required  for 14 

Departments,  repayments  on  account  of  exchanges 11,39,40 

•exhibits  at  World's  Colombian  Exposition,  Congressional  ap- 
propriation for xun 

officials  as  curators  in  National  Mnsenm 16 

of  KewSonth  Wales  establish  Exchange  Bureau 42 

Paraguay  carried  out  Brussels  exchange  treaty 42 

Uruguay  establish  Exchange  Bureau 43 

Governments  receiviug  Congressional  pubbcations 47 

Grace,  W.R.  A.  Co..  grant  free  freight 43 

Grand  Medicine  Society  meetiug  wituessed  byl>r.  Hofibian 32 

Grant  County,  Wisconsin,  mounds  in,  examined 29 

Gray,  Dr.  Abu,  the  forest  trees  of  North  America g,flO 

Great  Britain  and  Irelaud,  exchange  agency  for 44 

governmentnl  exchanKes  with 47 

tranamiasiona  made  to 46,47 

Grebe  added  to  Zoological  Park 52 

Greece,  exchange  agency  for 44 

governmental  exchanges  with 47 

trannmiMions  made  to 46,41 

Greifswald,  University  of,  sent  set  of  academic  publications 58 

Growth  of  collections  of  National  Museum 15 

Grubb,  Sir  Howard,  oouBtructed  siderostat  for  astro-physical  observatory . .  7 
Gninow,  William.  &,  Son,  constructed   Hpectro-bulometer  for  aHtro-physi- 

cal  observatory 7 

Goadeloupe,  exchange  agency  for 44 

Guatemala,  exchange  agency  for 44 

tranamissione  made  to 4t^47 

Onlf  Stream  (The),  paper  on,  by  Alexander  Agassie 189 

Galick,  Kev.  John  Thomas,  paper  on  divergent  e  vol  a  ti  on 209 


Hahel  bequest,  condition  of xx[,3 

Haiti,  exchange  agency  for 44 

governmental  exchanges  with 47 

transmissions  made  to 47 

Halia-otus  teucocephalue  added  to  Zoological  Park &2 

Ualle,  University  of,  sent  set  of  academic  publications 68 

Hallock,  William,  paper  on  the  How  of  solids 237 

translation  by 247 

Hamburg-American  Packet  Company,  grant  free  freight 43 

Stadt  Bibliothek,  donntions  to  lilirftry  by 58 

Hamiiloii  beqnest,  condition  of XXl,3 

Hamy,  E.  T..  the  home  of  the  trogliHlytsH 425 


HardneM,  sbtwiliitA  moaHnre  of,  pajHT  on,  by  Anerbach a07 

Harrison,  Btiqj  am  ID,  raomlier  ox -officio  of  tb«  PUtablishnient ix 

Hawks  willed  to  ^jofilogical  Turk 52 

Ue»ting,  lighting,  etc.,  for  1KM9— 

balancn  of  appropriation xxxiv,  xxxvn 

eipenditurcfl ., .  xxxv 

for  1890— 

balance  of  appropriation xxxv,  XKXVII 

exp«nditaret> xxxv 

of  National  Moseuni  for  1891— 

CoDgreaaional  appropriation  for xxxi, 

xxxvu,  XXXVIII,  XLU 

ezp«nditni«i  on  aoooant  of xxxt 

Heating  and  lighting,  Congreuional  appropriation  for 4 

eatimatea  for  1891-^ 4 

Hedgehog  added  to  ZonloKicftl  Park 62 

Heidelberg.  University  of,  sent  set  of  academic  pablioations 68 

Helodemia  SDsp«ctum  added  to  Zoological  Park C3 

Helsingfor*,  Univeriity  of.sent  set  of  academic  pabUcatious 68 

Henderson  &  Brothers,  grant  free  freight 43 

Henael,  Bmckmann  &,  Lorbaoher,  grant  {tea  freight 43 

Henry,  JoMph.  duughtars  of.  Congressional  apiiroprialion  for  . .  .xxxtt,  xxxvtil,  XUt 

expenditnree  on  aec-onut  of xxxii 

payment  t» xxi,  xxxit,  xxxviii 

Henshaw,  Henry  W..«*ngnt;ed  in  preparationiifdii'tionary  of  Indian  tribes..  34 

office  work  of W 

Heron  added  to  Zoological  Park 52 

Hewitt,  J.N.  R., Tiiskarora dictionary  in  preparation 36 

liugnistic  work  of 36 

translations  of  oliler  works  on  the  Iroquois 36 

Hi llera,  J.  K.,  photographic  work  for  Bureau  of  Kthnology ST 

Historical  relics  collection,  accessions  to ._ 18 

Hitchlti,  Tocabnlary  of.  in  preparation 35 

Hobart,  Tasmania,  exchange  agency  in 46 

Hodgkins,  Thomas  4i.,  donation  to  Smithsonian  fund 3 

Hofl^an,  Dr.  W.  .1.,  Held  stndief  of 32 

work  on  Ojibwa  shamans,  in  preparation 36 

pictography  and  (restnro  language 36 

Holden,  Prof.  K.  8.,  asfistance  givMi  to 6 

perfecting  apparatus  for  securing  pholograptiB  of  the 

moon 6 

Holmeti,  W.  H.,  field  work  of 29,30 

in  charge  of  uioiiiidexploratiouH 29 

explorations  by 29.30,31 

office  work  of 31 

paptTH  in  prcpiirntiou  by 31 

Holt  Mansion  in  Zoological  Park,  rejwirH  to 48 

Home  of  the  Troglodytes.     Paper  by  E.  T.  Hamy 425 

Hongkong,  exchimge  agency  in U 

Honolulu,  Polynesia,  exchange  agency  in 45 

Homed  toad  added  to  Zoological  Park 62 

Hot  Springs,  Ark.,  mound  near,  examination  of 29 

House  of  Rcprexentatives,  exchange  relatione  with Di  in^^uT'^JvOOqI^ 
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Howell,  n.  J.,  made  topo^aphical  sarre^  of  Zoological  Park 48 

prepared  plans  for  bridge  in  Zoological  Parle 49 

Hiibliard,  Gardiner  O.,  paper  on  eTolotioa  uf  commerre 6(7 

Huggins,  William,  paper  od  celestial  spectroBoopy 69 

Hungarian  Society  of  Nataral  History,  donations  to  library  by .  GS 

Hungary,  goTemmental  exchangee  with 47 

transniiMions  made  to 45,47 

Hnpa  Tocabulaiy  in  preparation  bj  Jeremiah  Cnrtin 36 

Hatchimi,  Prof.  C.  C,  Aerrioea  of,  in  connection  with  astro-physical  observa- 
tory    8 

Hydrographio  Offloe,  exchange  relations  with 41 

Hydrogen,  density  of,  apparatus  for  determinations  of 6 

Hystrix  cristata  added  to  Zoological  Park 52 


Iguana  added  to  Zoological  Park S3 

sp.f  added  to  Zoological  Park 52 

lUnstTatioiiH  in  annual  report  for  1891,  lint  of rn 

Improvements  in  Zoological  Park 22-23 

Incidental  riprnditnrcs  of  Institution xxu 

Incidentals  paid  on  occnaut  of  International  Kscbanges 40 

re- payments  on  account  of XXU 

Incloeore  to  Zoological  Park 24 

Incomeoflnstitntion,  appropriation  of lu 

Increase  of  library  by  exchanges 12,63 

Mnaenm  correspondence IS 

"  Index  Medicas,"  exchange  relations  with ' 41 

India,  goTemmental  exchanges  with 47 

Indian  Affairs,  Office  of,  exchange  relations  with 41 

Commissioners,  Bnreau  of,  exchange  rolatlous  with 41 

village  on  Choptank  River,  examination  of 30 

Individnals  in  correspondence  with  Exchange  Bureau 38,39,40 

Industiiea  collection,  accessions  to 18 

Inwan  Steamship  Company,  grant  free  freight 43 

Insects,  aquatic,  difficnlties  in  the  life  uf 349 

collection  of,  accessions  to 19 

Institut  National  de  G^ographie,  Brussels,  donations  to  library  by S9 

Instruments  employed  by  a«tro- physical  observatory 7 

International  exchanges xxiii.  xxxru 

report  of  Executive  Committee  on \xt,  xxill,  XXX^II 

service  (see  Exchanges,  International). 

Interstate  Commerce  Commission,  exchange  relations  with 4] 

Interior  Department,  exchange  relations  with 41 

Invertebrates,  collection  of,  accessions  to 19 

Invested  foods  of  the  Institution 3 

Investigations  upon  chemical  compoands,  by  Dr.  Wolcott  Glbbs 6 

Invoices  written  by  Exchange  Bureau 38,39 

Island,  exchange  agency  for 44 

Islands  Hipnisbokasiifu,  the  exchange  agent  for  Iceland 44 

Italian  Exchange  Bureau,  donations  to  llbmry  by 58 

Italy,  exchange  agency  for 44 

guvemmentnl  exchanges  with , 47 

Hydrogrnphic  Office  of,  donations  to  library  by 68 

transr" '••*-"•  "laile  to 46^47 


J. 

JuDoa  Rivei  valley,  archffioIogicM  exploratioD  of 31 

village  HJtea  upiin,  iihoreH  of,  eiamination  of '. 31 

JaniMitown  IiilsDd,  VirjciDia,  BDoient  village  aites  npon,  otudy  of 31 

Journal  of  Proceedings  of  Board  of  RefteutB xi 

Jens,  Unirenitj  of,  sent  Bet  of  academic  publicatioiia 58 

Japan,  exchange  agency  for : 44 

transmlBsiona  made  to 46,47 

goTemmeotal  eichangea  with 47 

Java,  exchange  agency  for 44 

Jonmalof  Proceedings  of  the  Board  of  Rpgenta,  January  11,1888 62 

January  9,  1889 BS 


Karr,  W.W.,  diBbDraemeDta  by xxxtx 

Kidder,  Dt.J.  H.,  bequMt  of 8,7 

executor  of,  money  refunded  by xix,  xxi 

Kiel,  UniTemity  o^eent  set  of  academic  publications 66 

King  make  added  to  Zoologiral  Park 52 

Kiowa  leaervation  TiBit«d  by  James  Hooney 33 

Kiowaa  to  be  repreaented  in  exhibit  at  World's  Columbiau  Kipoeitiun 33 

Klamath  Indiana  of  sonthweatem  Oregon,  monograph  on,  by  Albert  I. 

Gatohet 35,37 

Knapp  monnds,  Arkansas,  examination  of 29 

Kokabarow,  Nloholi  von,  donations  to  library  by 68 

KSnigabeig,  Univenltyof,  Mnt  set  of  academic  publications 68 


Labor  Department,  exchange  relations  with 41 

Lands  for  Zoological  Park  acquired 48 

I>angley,  Samuel  P.,  Director  of  the  IT.  S.  Kntional  Huseum ix 

experiments  in  aerodynamics 7,8 

letter  to  Congrexs  relative  to  additional  building  for 

Haseum XlT.xvi 

submitting  annual  report iii 

reporttoBoardof  Regents,  June  30, 1891 I 

Secretary  of  Smithsonian  Institution ix,  1,28 

Langnages  of  North  American  Indians.  expenditureH  for xxv 

Lark  added  to  Zodlogioal  Park 62 

Lebonoe,  Prof.  H.,  donation  to  library  by 59 

Ledger  account  kept  by  Exchange  Bureau 11,38,39 

Leghorn  chicken  added  to  Zoological  Park 52 

Leipzig,  Germany,  exchange  agency  in 44 

University  of,  sent  oet  of  acMlemic  publicationit 68 

Lepua  callotis,  campestris,  cuniciilus,  and  aylvestris,  ailded  to  Zoillogical 

Park 52 

Letter  from  Dr.  J.  B.  Angell,  a  regent Xi 

of  Secretary  to  Congress,  relative  to  additional  building  for  Mu- 
seum   XIV,  XVI 

of  Secretary  to  Congress,  anbrnitting  annual  report tii 

Letters  received  by  Exchange  Bureau 38,39 

written  by  Exchange  Bureau ^f^ 

Library '^  J^SM 

Liberia,  exchange  agency  for 44 


Library  of  Ur.  J.  B.  B&iley  beqneatlied  to  luBtitution U 

Cougrees,  Cotif(r«AsianaI  act  appropriatiiig  money  for  excfaaogM.  XU 

eichangea,  relations  with 41 

Smitlisunian,  academic  publications  received  b; 58 

Addition  to  list  of  regular  serials S3 

cipenditurea  for xxn 

increase  of,  by  exchange 12,  G3 

important  accAssiaus  to 68 

HnrdDclc,  John,  librarian G8 

publications  reoeived 11,GS 

report  on 11,53 

reqnirea  additional  acoanunod»tionB 13 

Secretary's  report  on 11,28 

transmisaions  made  to 46,47 

LleblgTOU,  Justus,  antobiogrophical  sketch  of 397 

Light,  chemical  iaflaence  of,  bibliography  of,  b;  Alfred  Tuokerman 8,9 

Ligbt-Hoase  Board,  exchange  relations  with 41 

Li Ilj eboTg,  Hr.,  donations  to  library  by 58 

Lima,  Pern,  exchange  agency  in 44 

Limitation  of  work  in  ZoSIogical  Park  cansedby  inanCBoient  funds 23,31 

Lingnlstic  chart  prepared  by  J.W.Powell 3S 

work  of  Bnrean  of  Ethnology 21,33 

Lisbon,  Portugal,  exchange  agency  in 46 

Llet  of  aoceasions  to  Zoological  Park 50-63 

correspondents,  new  edition,  urgently  needed 4B 

illustrations  in  annual  report  for  1891 VIi 

shipping  agents  giving  free  freight 43 

Lithology  collection,  accessions  to U 

Little  Falls,  Indian  village  sites  at,  stndy  of 30 

Living  animals,  collection  of,  accessions  to 19 

Lodge,  Hon.  Henry  Cabot,  Regent  of  the  Institution x,xi 

London,  England,  exchange  agency  in 44 

Lonvain,  Univer«ity  of^sent  set  of  academic  pubUcatioDS 58 

Lunar  photographs 6 

Admiral  Honchez,  co-operation  of,  in  securing 6 

Prof.  Holden's  apparatus  for 6 

Prof.  I^ckering'a  seties  of 6 

proposed  work  on' S 

Lnud,  University  of,  sent  set  of  academic  publications 58 

Lynnbaven  Bay,  Virginia,  ancient  village  sites  on,  examination  of 31 

Lynx  rufns  added  to  Zoological  Park 52 


HcChesney,  J.  1).,  disbursements  by XXKIi 

McGlll  College,  Montreal,  nets  as  exchange  agent 44 

Uadrii],  Spain,  exchange  agency  in 16 

Madeira,  exchange  ngency  in 41 

Hogowan,  D.3.,  paper  on  time  keeping  among  the  Chinese.. 807^ 

Hsharajah  of  Jeypore,  donations  to  lil>rary  by 69 

Maintenance  of  zoological  p^k,  expenses  of 23 

Mallery,  Col.Garrick,  office  work  of 31 

work  ou  pictography 34 

Malta,  exchange  agency  for , , 44 

Mammals,  collection  of,  accessions  to 19 


Hanila,  Fhilippine  Mauds,  ezctunge  ogenoy  in.... 46 

HuiMe,  Consnl  General  Joa6,  grantB  ft«e  freight 43 

Marah  hawk  added  to  Rod1«gical  Park 62 

Htrine  inTertebratea  ooUttotioa,  aoceuions  to 19 

Uuyland,  ayetemstio  *roIuBoIagical  exploration  of 21,80 

Haaon,  O.  T.,  anmniarjr  of  progreM  ia  anthropology  for  1891 433 

Hateria  m<^dioa  oollection,  accsHiona  to 16 

Hatter,  molecalar  structnre  of,  paper  by  William  Anderson 62-^ 

HattbewH,  W.,  paper  on  Navi^O  dyeatnffs 613 

Hanritlas,  exchange  agency  for 44 

Mean  density  of  the  earth,  paper  on,  by  J.  Wilainn 61,63 

UedalH  collection,  acceesioni  to 18 

Medioal  library  bequeathed  by  Dr.  Jonathan  R.  Bailey xx 

publications  deposited  in  library  of  the  SDrgeon-Qeneral  of  the 

Army 12 

Medicine  and  Surgery,  Burean  of,  excbanffo  relatiooi  with 41 

Meeting  of  Board  of  Regents XI 

Meetinga,  expend itn res  for xxii 

Hegaeoops  aaio  added  to  Zoological  Park 52 

Ueigs,  Oen.  Montgomery  C,  member  of  execntire  committee x,  xxxix 

Regent  of  the  Institation x,  xi 

Melboome,  Victoria,  exchange  agency  in 45 

Hembere  of  the  Smithsonian  Establishment tx 

Hemorandam  relative  to  the  re-imbnTsement  of  moneys  advanced  for  ez- 

ohauges xvn 

Memorial  f^m  Donlton  &.  Co xvi,  xvu 

Uenomonee  Reserratious  visited  by  Dr.  Hoffman 32 

Herobant,  8.  L.,  &  Co.,  grant  free  freight 43 

Herriam,C.  Hart,  paper  on  geographic  dietribntion  of  life  in  North  America.  36r> 

Ue«ozoic  foHsils  collection,  accessions  to 19 

Uessiah  religion  investigated  by  Jamee  Mooney 21,33 

Hetallnrgy  collection,  accessions  to 19 

Meteorological  records  transferred  to  Signal  Offloe ... 13 

Mexico,  exchange  agency  for 44 

governmental  exchanges  with 47 

tronsmiBsions  made  to 47 

Miall,  L.  C,  paper  on  difflcnlties  in  the  life  of  aqnatio  insects 319 

Michelson,  Prof.  A.  A.,  assistance  given  to 6 

work  npon  iiniversal  standard  of  measure 6 

Milk  snake  added  to  Zoological  Park 52 

Miller,  Justice  WUUam  H.,  death  of. 2 

temporary  chancellor  of  Board  of  Regents 2 

member  of  "The  Establishment" ix 

Hilliken,  Hon,  Seth  L.,  letter  to,  relative  to  new  building  for  Museum xiv 

MindelelT,  Cosmos,  Held  work  of 31 

prepared  card  oatalogueof  ancient  ruins 36 

Minerals,  collection  of,  accessions  to 19 

Mink  added  to  Zoological  Park 52 

Hint  Burean,  exchange  relations  with 41 

Minutes  of  meeting  of  Board  of  Regents XI 

Hiscellaneons  ■■ollections,  expenditures  on  account  of xxii 

repayments  on  account  of xxii 

report  on 8,60 

Misaissippt,  mounds  in,  examination  of 29,30 

VaUey  moundH.  paper  on,  liy  Lucleu  Cart 508 


UitcheU,  Hou.  Charles  E,,  meuber  of  "The  EstiibliBhiiient" it 

Hil&wit  oeremony  witaeeeed  by  Dr.  Uofiiiuui 32 

Hodalsof  ancient  works,  prepared  byCosnioe  Mindeleff 36 

Hoderu  pottery  coUeotioii,  ncceeeiona  to 19 

Modes  of  keeping  time  among  the  Cblueee,  by  D.  J.Magawau 607 

MolluBkB,  uollectlon  of,  aocesBioHB  to 19 

Money  grante  mode  for  Bpocial  inveetigations C 

Monrovia,  Liberia,  exchange  agency  in 44 

Montevideo,  Uniguay,  exchange  agenoy  in 45 

Montreal,  Canada,  exchange  agency  in 44 

Moon,  photographH  of  (»ee  Lunar  photograph r) 6,7 

Mooney,  Jamea,  field  studies  of 33 

office  work  of 36 

.  work  on  Saored  Formnlas  of  tbe  Cherokees 36 

Horley,  Prof.  E,  W.,  asaistance  given  to 6 

researches  of 6 

Morrill,  Hon.  Jnstin  S.,  Regent  of  the  lOKtitatiou x,xi 

Mortality  among  animals  in  Zoological  Park &t 

Morton,  Hon.  Levi  P.,  membur  of  "The  Establishment" tx 

Regent  of  the  Institntion X 

Moncbes,  Admiral,  co-operation  in  securing  photographs  of  the  moon 6,7 

Mound  region,  exploration  of,  by  Bnreaa  of  Ethnology 20,29 

Monnde  examined  by  W.  H.  Holmea 29, 30, 31 

of  the  MisBissippi  Valley,  paper  on,  by  Lncien  Carr 503 

Mosambiqne,  eichange  agency  for 44 

Mummy  Cave  CliEF  River,  AriKona,  mode)  of,  prepared  by  Bnrean  of  Eth- 
nology   -- 36 

Mudoz  y  Espriella,  grant  free  flight 43 

Murdoch,  John,  librarian 9S 

Murray,  Ferris  it  Co.,  grant  free  freight 43 

Musical  inetrumeute  collection,  accessions  to 18 

Mnskrat  added  to  Zoological  Park S2 

Museum  baildiog,  Congressional  act  relative  to xlu,  XIT 

urgently  needed 5 

Museum,     (^i^  Xationitl  HnHeum). 


Nacotchtank,  Indian  village  site  of,  study  of 30 

Nagy-Kfiroly,  Count,  donations  to  library,  bj 59 

Hanaamund,  ancient  village  site  of,  examination  of 31 

National  Academy,  exchange  relations  with 41 

Hational  Board  of  Health,  exchange  relations  with 41 

National  Zoulogioal  Park.     {See  Zoological  Pitrk.) 

National  Museum,  accessions  to U 

accoants  examined  by  executive  committee xxxvm 

additional  space  to  be  provided  for 14 

annual  report  for  1888 6S 

Congressional  appropriations  for xxTi, 

XXX,  xsxi,  xxxii,  XXXIII,  XXXIV,  XXXVII,  rtn,  4 

ciiratorships , 16 

estimates  for  ISSl-tR! 4 

•■xfCDtive  committee  report  on xxi,  xxvi,  xxxiiI.XIXTR 

exchange  relations  with U 

expenditures  on  account  of xxvi,  xli, 

sxxi,  XXXII,  xxxtit,  XXXIV  XXXV,  4 
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National  HnMam,  jp^nth  of  the  coUectious 14,15 

increase  in  correepondence 16 

noedof  additional  osBietsuce 17 

a«w  buileTB,  CoDgniHsional  appropriation  for xui 

new  bnilding  for,  re<iuired Xiv 

nen  bnildiug  for,  resolutioiis  of  Board  of  Regent*  rela- 

uen  lioor«.  Congressional  appropriation  for XLtl 

offers  iasulUclent  aoconimodations  for  collections 5 

overcrowded  condition  of 14,15 

re-payments  on  occoant  of xxu 

salaries 17 

•clentiflo  functions  of 11 

Secretary's  report  on 1,14 

World's  Colambian  Exposition 30 

Natnral  gas,  origin  of  rock-pressnre  of,  by  Edward  Orton 155 

Naotiosl  Almanac,  exchange  relations  with tl 

Navajo dyestnfTs,  by  Dr.  Washington  Mo-t thews 613 

Naval  architecture  collection,  accessories  to 18 

Ubserratory,  Congreasional  act  directing  payment  of  freight  on  ex- 
changes   xu 

exchange  relations  with 41 

Navarro,  ConsnI-Oeneral  Juan  N.,  grants  free  freight 43 

Navigation,  Burean  of,  eichunge  rplationn  with 41 

Navigaiione  Qenerale  Italiana,  grant  free  freight 43 

Navy  Department,  exchange  relations  with 41 

Nelson  mound  pit,  model  of,  prepared  by  Bureau  of  Ethnology 36 

Netherlands,  exchange  Agency  for 44 

governmental  exchanges  with 47 

American  Steam  Navigation  Company,  grant  free  freight 43 

New  Caledonia,  exchange  agency  for 44 

Newfoundland,  exchange  agency  for 44 

New  Jersey  Historical  Society,  donations  to  library  by 59 

New  Sonth  Wales,  exchange  agency  for 44 

Government  of,  establish  exchange  bnreau 42 

Governmental  eichangeu  with 47 

transmissions  made  to 46,47 

New  York  and  Brazil  Mail  Steamship  Line,  grant  free  freight 43 

and  Mexico  Steamship  Company,  grant  free  freight 43 

Society  for  Political  Edncatiiin,  donations  to  library  by 59 

New  Zealand,  exchange  agency  for 44 

governmental  exchanges  with 47 

transmissions  made  to 48,47 

Micaragna,  transmissions  made  to 46,47 

Night  heron  added  to  Zoological  Park 52 

North  America,  the  forest  trees  of,  by  Dr.  Ass  Gray 8,60 

North  American  ethnology,  CougreHSionul  »ppropriatioD  for xxiv, 

estimates  for  l891-'9;! - 4 

»-speDditures  on  account  of xxiv,  xxv 

Powell.  J.  W.,  in  charge  of  Bureau  of  Ethuul- 

"K-V XXIV 

languages,  <las8iBci.ti.iu  of,  by  J.  AV.  Powell i. ..■,.■.■.-     s'83 


North  CaiolioA,  etbnolngicftl  rUit  to 33 

N'oTth  Oerman  Lln;d,  grant  free  freight 4J 

Nonregi an  Geological  Survey,  don atioos  to  library  hj SS 

Norway ,  exchange  agency  for 41 

governmental  exchanges  with 47 

transmiBBionB  made  to 46,47 

Nycticorai  nycticorax  nieviaB  added  to  Zoological  Park 52 

Nyotala  acadica  added  to  Zoological  Park 5L> 


Observatory, a  Sonthem, paper  by  A.M. Gierke 115 

(Ste  ARtro-physical  observatory.) 

Ocelot  added  to  Zoological  Park S2 

Oelrichs  &Co.,  grant  free  freight (3 

Offlce  of  Chief  of  Engineer*,  exchange  relations  with 41 

of  Indian  A  (Tairn,  exchange  relations  with 41 

work  of  Bureau  of  Ethnology 21.  JJ 

Officers  of  the  Institution II 

other  Oovernmeutol  DepartneDts  acting  as  curators  in  National 

Mnaenin IS 

OlHcial  documents,  intematioual  exchange  of 11,40,41 

Ohio  State  Library,  donations  to  library  by 5S 

valley,  mounds  in,  examination  of 19 

Ohm,  George  Simon,  scientific  work  of 117 

Oils  andguniB,  collection  of,  accessions  to IS 

Qjibway  reservations  visited  by  Dr.  Hoffman 33 

shamans,  work  on.  in  preparation 3S 

Olmstead,  Mr.,  snggeated  iuprovements  in  Zoological  Park 49 

Omaha  and  Ponka  letters,  paper  on,  in  preparation 31 

dweUings,  paper  on,  in  preparation 34 

Opheosanms  ventral  is  added  to  Zoological  Park 52 

Ophibolnsdoliatos  and  getulns,  added  to  Zoological  Park  53 

Opossnm  added  to  Zoological  Park S3 

Ordnance  Boieau,  exchange  relations  with 41 

Organic  act,  modification  of,  re^iuired xvii 

Oriental  antiquities,  accessions  to 19 

Origin  of  the  rock-pressure  of  natural  gas,  paper  by  Edward  Orton IS" 

Orton,  Edward,  paper  on  the  origin  of  the  i«ck-preBstire  of  natural  gae IS 

Osteology  collectiim,  accessions  to 19 

Otocoris  alpestris  added  to  Zoological  Park.' & 

Ottawa,  Canada,  eiohange  agency  in M 

Ottawa  Indians  visited  by  Dr.  Hoffman S3 

Ovis  montona,  at  Zoological   Park,  died  of  apoplexy ^I 

Owen,  Robert  Dale,  atatneof 13 

Owls  added  to  Zoological  Park 52 

Oxygen,  density  of,  apparatus  for  detorminatious  of 5 


Pacific  islands,  donations  to  ZoSolgical  Park  from 35 

Mall  Steamship  Company,  grant  free  freight 43 

Packages  received  b J  Exchange  Bureau 11.38,3!'.11.4i 

~   "king-boii-B  paid  on  account  of  intematioual  exchanges ** 

,  Hon,  Harlan  P.,  donations  to  library  by 58 


iiinh  Cm 


pHiiits  auililyea,  cullcction  iif,  ucceiMioiii 
Falnihiiiliao  vocabnlary  in  preparation 
PnliPozoU'  foHBilH  nolluction,  nrcoHRiouH  1 

ParDUDD  Kailroad  Company,  ^i^iit  free  freight 

P]i|>ur-iiioney  collectiim,  fti-censidnB  tn 

Paruguay,  excliaiif^o  agency  for 

(ioveruiiiout  of,  carried  out  Itmasets  eici'hango  treaty 

Puraiimribo,  Diitnli  nalann,  exrhanite  agcucy  in 

Paric,  Prance,  ezchango  iigenry  Id 

Purtriilge addfil  to  Zoological  Park 

Piuip.ibegli,  ancient  village,  site  of,  examination  of 

Patent  Office,  CnngrcBHlonal  act  directing  payment  of  freight  on  exc1inii|;ea. 

excliange  reliitions  with 

pHtiixent  Eivcr,  villaBi-  siteH  U|>on.  examination  of 

Pen  fowl  added  to  Zoological  Park 

Peccary  adde<l  to  Zoological  Pnrlt 

Pnndnlnm  obsorvatii)ns,  room  riMigneil  for 

Pen.iRco  Blanco  mini,  N«w  Mexico,  imxli-l  of,  iireiiHrod  by  llitreaii  of  Ktli- 


loiojo". 


Perkins  nollaction  of  iircbiHtoHc  i'oii]ior  im|i1cinentit,  appn>|>riiition  fur 

<'ongrewional  n|ipro|>ri:ition  for 

of  pretilatorio  I'opper  implc^menti,  ('ongrasiioDal  appro- 
ptirttlon  for xxxri,  xsxvii, 

ilepoHitMl  In  N'ntioniil  Mnsi-nm 

I'XpenditnreH  on  ncconiit 

report  of  exerntivocoiiimitfec  on xxi,  XXXII, 

Perry,  fed.,  &  Co.,  grant  free  fn-iglil 

Pern,  i-xcbauge  agency  for 

gnvemniental  exchiingcH  wilh 

tninHniisHiouH  made  to 

I'helps  Brothers  A  Co.,  grant  frco  lYcisht 

I'hilipiiinii  lalaudH,  exchange  agency  for 

rhilobela  minor  uddnl  t<i  Zoologicnl  Park 

Phoca  vitulinaailded  to  ZiHilogical  Park 

PfarynoBoma  douglasBi  nildwl  to  Zoologiciil  Pink 

Physit.J  ajiparatns,  aci'eBiiiouit  tu 

geology  collec'tir)n,  accessionH  to 

Phyiica  and  mathcmaticB,  appliration  of,  to  geology,  jmiwr  by  C.Chree.... 

Pickering,  I*n>f.,  photographs  of  tlin  moon 

Pjctognipbic  sketchcH  pnpnreil  by  IT.  W.  .1.  HoHnmn 

Pictography,  work  on,  by  Col.  (iarriik  Miillery 

Picture  writing,  Bxiiendltnres  for 

Pilling,  James  C,  ceaned  connection  with  U.  S. geological  Snrvcy 

lingniHtic  work  of 

work  on  bibliography  of  tlie  Algon<|Uin  languagcH 

Pirn,  ForwiHMl  &  Co.,  grant  free  freight 

I'iuey  branch  qnarrics  examined  by  Huiean  of  Etbuobigy 

I'ioncer  Liuc,  grant  free  freight -  - 

Pit  of  Nelson  monnd,  model  of,  prepared  by  Hnrean  of  Ethnology 

PityoptiH  sayl  attdeil  (oy.oological  Park 

PlantH,  colloilion  of,  nci-iwiiioiis  to 

I'odilynibnH  ]HHlii-e)w  addetl  to  Zoological  Park 

Poey,  l>r.  Feli|«).  de«tli  of 

Poey.  I>r.  Frederic,  ai'tsimexcbnn-jn  agent  for  Cnba 

appointed  exchange  agent 

U.Mia.  334,  i)t.l 45 
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PolyDeain,  ezdutnge  Ag«iicy  for 45 

tranamiBsions  mode  to 46,47 

PoDnvres,  Cousol-Oeneral  Mariano,  granta  free  freight 43 

Popes  Creelf,  shell  inoDiKlii  of,  oxamiuat  ion  of 31 

Porcelain  collection,  ■ccesBioDs  to 19 

Poriiupine  ftdded  to  Zouloffical  Park 52 

Pgrt-au-PrincR,  Haiti,  exchange  agency  iu 44 

Port  Louis,  MnnritiuB,  exchange  agenry  in 44 

Porter,  Dr.  Noah,  rwignation  of ii 

Portraits  of  Regents  presented  by  Bureau  of  Kngraving  and  Printing 13 

Portugal,  exchange  agency  for 45 

Kovemmental  eicbanges  with 47 

transmiMions  made  to 46,47 

Possibilities  of  economic  botany,  by  George  Lincoln  Gooilale 617 

Postage  *f  Smithsonian  Institution,  expenditnres  for XXii 

paid  on  accoout  of  international  exchanges 40 

ro-paymenls  on  account  of ixil 

for  National  Museum  for  1891 : 

Congressional  appropriation  for xxxii.  xxxvii,  xxxviii,  xlii,  4 

estiinatee  for 4 

expenditures  on  nccouut  of UCXil 

PostmattoT-General,  a  member  of  "The  Kstablisbmeut" ii 

Poat-Office  Departmeut,  exchange  relations  with 41 

Potomac  Talley,  mounds  in,  examined  by  W.  H.  Holmes 39 

Potowomeck,  Tillage  ait*  of,  examination  of 31 

PottiTy  collection,  accessions  to 19 

Powell,  J.  Vi',,  cloasilication  of  North  American  lungnages S3 

Director  of  the  Bureau  of  Ethnology XXIV,  3D,  37 

linguistic  chart  prepared  by 33 

work  of 33 

Powhatan,  ancient  Tillage  site  of,  e 

Tocabnlary  of,  in  preparatio 
Prairie  wolf  ailded  to  Zoological  Park., 
dog  colony  in  Zoological  Park . . 
Prehistoric  anthropology  collection,  ai 

Preserration  of  collections  for  1888-'89 xxxvil 

halanrenf  appropriation XXXtll 

expenditures XXXnt 

for  1890— 

linlaiice  of  appropriation xxxiii,  xxxvu 

for  IWl— 

Congressional  appropriation  for xxvi, 

xxxrii,  XXX  vin,  xui 

expenditures  on  account  of. xxvi 

Cougressioual  appropriation  for 4 

estimates  for,  1891-'92 4 

species  nearly  extinct,  the  primary  object  for  establishment 

of  Zoological  Park 31 

President  of  the  Uoit«d  States,  a  member  of  "  The  Establishment" ii 

exchange  relation  with 41 

I'rinting  for  National  Museum  for  1891— 

Congressional  uppropriation  for xxxii,  xxxvii,  xxxviii,  XU 

exjieadltWM  m  aeooimt  of sxxu,l 


PrintiDg  for  1890,  bftlaace  of  appropriation xxxv, ; 

aai  biDiling.  CoDgreanional  appropriation  for 

eBlimates  for  1891-'K 

paid  on  Bcroant  of  International  ExchnngeiN 

ordereil  of  extra  copioa  of  Report  for  1891 

TM -payments  on  acconnt  of 

of  Institntiou,  expenditnreB  for 

ProceedinKH  of  Boardof  Regentn,  JouTuolof iv,x\ 

Proctor,  Hon.  KeflHeM,  member  of  "The  KHtahliahmont " 

Procyon  lotor  added  to  Zoologii^al  Park 

Priinsia,  governmental  exchanges  with 

transmissioiifl  made  to 

Pnlilio  Printer,  Congressional  act  directing  printing  for  National  Miimiidi  . . 

exrhangetelAtions  with 

PnMicationJt  of  tnstttntion,  exiienditnres  for 

nnnnal  report* 

Contributions  to  Knowledge 

Mlseellaneoiia  Collections 

report  on 

received  by  the  library 

sales  of,  amount  realized  from 

of  the  Hnreau  of  Klbnology 

Pneblo  of  Sechuniovi,  Arir.ona.  model  of,  prepareil  by  Bureau  of  Ftbuology. 

Wnlpi,  Arizona,  model  of,  prepartil  by  Hnreau  of  Ethnology 

Pulaski  Connty,  Arkansas,  mound»  in,  examinnlionof 

Pnmn  aildeil  to  Zoological  Park 

PatoriUH  frenatus,  nigripes,  and  vison  added  to  Zofilogioal  Park 


Qnail  added  to  Zoological  Park 52 

Quarries,  ancient,  cxumined  hy  W.  H.  HolmeH 2H 

Qneenslnnd,  exchange  agency  for 4T> 

governmental  exchanges  with 47 

tTanamissione  made  to 46,47 

Quito,  Ecuador,  exchange  afenoy  in 44 

QtiipoughGohannock,  ancient  village  site  of,  examiDation  of 31 

B. 

Rabbits  added  to  Zoological  Park 52 

Raccoon  added  to  Zoological  Pork 52 

Rattlesnake  added  to  Zoological  Park 52 

Reading  room  of  the  library 12 

Receipts  by  Smithsonian  Institution — 

international  exchauges jixlll.sxxvii,  XXX viil.  XU,sui,  11,39,40 

North  Amerlcnu ethnology xxiv,  xxv,  xxxvii,  xxxvui.xi.ii 

National  HDseam..xx\'i,  xxx,  xxxi,  XXXii,  xxxtii,  xxxiv,  xxxvii,  xxxviii,  xlii 

prt'sorvalion  of  collections xxxiii,  xxxvii,  xxxviii,  XLIi 

furniture  and  fixtures xxx.  xxxiv,  xxxvii,  xxxviii,  xiJi 

heatinii-  I'fth ting,  etc XXXI, 

postjige xxxii,  XXXVII,  xxxiirr.xui 

printing \xxii,  xxxv, xxxvii,  xxxviil,  Xli,  xl" 
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Bf«eipt8  by  Sidithoonian  tnatitn'tioD — Oontiuned.  Pm. 

Perbio's  collection xxxii,  xxxvii,  xxxvni 

dangfatcTB  of  the  late  Joaoph  Heory x:txii,  xxxviii,  xui 

Capron  collection xxxni,xxxvtii,  XLIt 

Smitfasonum  builfling  i«pair ._ xxxvi,  xxxrm 

SmithsoaUn  faoil xxl,  xxxvii,3 

Zoological  Park xxxv,  xxxv[u,xi.ii 

R«c«nt  plADta,  eolleclion  of.  accession b  to 19 

RecoTdiogof  exrbang«  correapondpnce..- 45 

Red  fox  added  to  Zoological  Park 5:! 

Red  St«r  Line,  graiit  free  freight 43 

Rediiotions  iu  Congressional  appropriationB  fur  the  Zoological  Park S2.'23 

Begents  uf  the  Institation ix,  x 

accept  BDnnol  report  of  Secretary XX 

appointed  by  Congressional  resolntiou xi 

portraits  ot,  pretiented  by  Bnreau  of  EngraTing  and  Printiiig 13 

board  of,  reeolotiona  by xii,  xui.  xvi.  xvit.xx 

(.Sur  Boud  of  Begents.) 

Registration  of  domestic  excbtuige  packages 43 

Re'iuibarsement  of  moneys  advanced  for  exchftngtw XVll 

Relation  of  nataral  scitface  to  art,  paper  by  E.  da  Bois-Reymonit ^     661 

RepaiiB  to  building  to  be  made  ander  the  direction  of  the  Secretary xti.  xiti 

Holt  mansion  iuZoTilogical  Park 48 

Smittuoniau  liuililjng  needed 5 

Re-payment  asked  from  Cougreu  for  money  advanced  on  ceonDt  of  ex- 

changea 10 

Be-payments  to  Institation xxll,  xxxvu,3 

from  Government  Departmentti 11,39,40 

ileport,  Annnal,  of  the  Board  of  Regents  for  1891 i 

Congrrasional  resolution  to  print  extts  copies ii 

Hnbmittad  to  Congress .• lit 

of  the  SmithsoniAU  Institution iv 

list  vf  illiutTatioini vii 

«f  execntive  committee  for  1891 xii,  xxi,  sxxix 

on  expendilaies  for  exchangee xxiii 

North  American  Elhnolo'^.v xxiv 

Nationiil  Hnseom XX VI 

Kntional  Zoological  Park Xxxt 

boilding  repair xxxn 

of  acting  mani^jer  of  Zoological  Park 4S 

(.'nraton  of  National  Mnxpum  for  IKKS G3 

the  Assistant  Secretary  for  1888 63 

Corktorof  ExchangfM 10,38,47 

Director  of  Bnrean  of  Ethnology 29 

Secretary  of  Boanl  of  Regents I 

the  l.ibnmui 12,53 

Reports,  expenditoiee  on  arcoont  of xxo 

re-payinent«  oo  account  of xxii 

"eptUee,  collection  of,  a('<«eBioiia  to 19 

teaicbes  encouraged  by  Institution - 6 

in  astro-piiysi<-al  olwervatory " 

in  n-rinlynamirs,  by  the  Secretary - 7 

in  archwology,  expenditnres  for Jiiv 

expeuditnree  on  account  of xxil 

lunar  photography 6 


BeBearrhrs.  money  f^antn  fur,  inodo  id  H)i«ciHl  CHHea 6 

(iibbs,  Ur.W*l.ott 6 

HiJilcn.  I'wf.  E.  S 6 

Micbel*>n,  Prof.  A.A 6 

Morley,  rrof.  E.  \V 6 

Houche^,  Admirkl,  cooperation  in  •ecnring  lunar  pbototrraphii.. .  6 

PickfriiiR.  Prof..  phototp-aphH  of  thn  moon 6 

HtundiirtiB  of  BprcwB,  ntc 6 

Rcflidnary  IfiijUfy  of  SiuitliHoti,  cundithm  of 3 

Resolution,  ('onj^MiioDal.BppoiDfiiiK  Kegenta xi 

fur  aililitioiinl  Miiaeuin  buildiDg xiii,  xiv 

of  ('ougrSBH  to  print  extra  cu]>ieH  of  Annual  Report  for  1891 Ii 

A'er  Congress,  iirtH  auil  rcso  hit  ions  of XLl 

of  the  Itoiirrt  of  Hogouts XII 

appropriating  tba  income  of  ttin  Inntftatioo Xii 

authorizing  the  Kecn'tnry  to  art  in  ail  uatters  pertaining  to 

the  Zoulogiral  Park XII 

authorizing  the  Secretary  to  act  in  all  mnttcrs  pertainiog  t» 

the  hnilding  repairs xii,  xiii 

constmrtion  ofbnililingfor  tutro-physical  observatory \iii 

snipowering  tlio  exeeiitive  committee  to  act  in  matters  per- 
taining to  new  Museum  building xvt 

on  memoriHl  of  Doultnn,  ett xvii 

on  mmli  Tying  the  organic  act XVli 

»nre-imbureem«nthy  (Congress  forexpendilnresfoTexchangea  xvii 

relative  to  death  of  (ieorgo  Bancroft xx 

introdnci'ii  by  eiteru live  committee Xii 

Renoiirrns  of  National  MuHcnm  insnfflcietit 15 

Reymond.     ."•'«■  da  Itois-Reymond. 

Reynolds,  Henry  L.,  an  hipologtcal  explorations  of. 31 

dentil  of 31 

Reykjavik,  lieland,  exchange  agency  in 44 

Rio  dn  Janeiro,  Brazil,  exchange  agenry  in 44 

Rio  Venle  region,  iirrliwological  exploration  of 21,31,32 

Roails  in  Zofdogical  Park 23,21,48 

Rock  Creek  ralli'y,  ancient  qnarries  in,  examined 20,29 

Bock -pressure  of  natural  gas,  origin  of,  paper  on,  by  Edwiiril  Orton ir^ 

Rodwny,  James,  paper  on  Ktmggle  for  Life  in  the  Forest 337 

Roemer,  I>r.  Keriliuand,  donationH  to  library  by r>9 

Rogers,  J<J»c'pb  A.,  paper  on  correcliim  of  sextautH 8,61 

Roits,  Bureau  of,  exchange  relations  with 41 

Rome,  Italy,  exehango  agency  in 44 

Rooms  forseientilic  work 14 

Rosbiek,  I'niverHtty  of,  sent  set  of  acaileniie  publifations 58 

Roumnnin.  exehnngn  agi^nry  for 45 

transiniasiouH  made  to 46, 47 

Royal  Atiademy  of  Sciences,  Tnrin,  donations  to  library  by .t8 

Rniii  of  Pcnaseo  lllnnco.  Now  Mexico,  model  of,  prepared  by  Bureau  of  Kth- 

ti'»h.gy 36 

Riisnia,  exehango  agency  for 4f> 

governmental  exchanges  with 47 

hydrograiibic  ofllco  of.  donations  to  lil>rary  by 58 

transniissionH  ninile  to 46,47 

Ruiz,  ('onsul-General  Domingo  L.,  grants  free  freight 44 


8»cnil  fopmnlaa  of  the  Cberokcfis,  work  on,  in  iin-paratlon 35 

Salarii'B  iif  Itureauof  Ethuoloc.v,  ezpen<liturett  for xxv 

Iiaid  on  account  of  iutt^nintiouiil  pxcbangcB 40 

paid  by  Xatioual  Uubi-iiiu  nre  Ix'liiw  tlie  staaiiard IT 

rfiMtymenbi on  3<-coiiiil  of. \xii 

«f  Smilliboiiiau  rnipIo^Vti.  ex|H-ni1iturRS  for xxn 

8»le  iif  bonds,  deposila  from 3 

Salea  of  pnblicationH,  aiiiniiiit  teali/i-d  from 3 

Sun  Siilvulor,  exphnnge  :i):i*ncy  in 45 

triinHiniKsioiiB  made  to 46, 17 

Santlngo.  Cbile,  I'xchHnKe  aRenoy  in 44 

i^uroinaliiK  nier  addcil  to  iC(>o1o>>ical  I'ark 52 

Saving  fVom  iiieome  of  Inntitutiou 3 

Saxony,  govenimentul  exchauges  with 47 

IraiiBniissiona  ma<le  to 47 

Scbnniarlier.  A.  &  Co.,  grant  free  freight 43 

Sriporc,  natural,  relation  to  art.     Paper  hy  ¥..  du  KoiH-Reyiiiond 6G1 

Seientilic  fnnctioDi  of  National  Mu^nm 14 

work  of  <l«or)c<*  Simon  Obm,  by  Knicrne  lAiiunii-l 217 

rooniH  aiwigueil  for 14 

SrinroH  rarulinen<iiH  anil  hudvuuiiii'  added  to  ZoTili^icil  Park 52 

S<-iiin>pt«ruH  volueelia  added  to  Zoological  Tark 52 

PcrewB,  standard  tiixes  of,  invenligation»  upon 6,7 

Sechumovi.  pueblo  of,  moilel  of.  propareil  by  llureaii  of  Ethnology 36- 

Sral  addHl  to  ZoSbigiral  Park 52 

Serretary  of  Navy,  a  utembeTof  ■■The  Est«ldi«huient" ix 

Set-R'tary  of  Smithsonian  Inalitntion,  Annual  Report  for  1)<88 S2 

IKMW €3 

rrpon  to  Board  ef  Re^centB,  JnneSO.  I)«l 1 

aatboriEiHl  to  act  in  all  mattcra  prrtaininfc  to  the 

National  Zoologinal  Park XU 

letter  t<i  <.'ontET«ii«.  siibiuilling  report lu 

preM'UtM  annual  report  tn  Roard  of  Regrntit. XX 

library.  InHikti  n-qnired  for _. 12,13 

on  additional  fiir-pmof  building  for  Mnwnm xiit.xri 

apiMiiutmrnt  of  Jnd^  DevfoH XO 

astro-phyHiial  obHerratori' _ xiii 

lillLnK  vacani'ies  in  Board  of  Kegpnt* \t 

Kidder  lie>iut«t  - iix 

modilieaiion  of  organie  aei xvii 

re-inibiiru'nirnt    on    UHmey  ripeuded    on    ex- 
Secretary  of  StalP  a  nK'Dilx-r  of  -Thf  KMablislimenf ' IX 

State  for  India,  donmions  to  library  by 58 

Treasury  «  meml.rr  .<f -The  JjitaUlishment  " IX 

War  a  n'ieml«-r  of  -The  tlsiablishment" IX 

Senaie  a<-ti<m  on  new  Ixiildin;;  for  .Museum 5 

Se rial X  added  to  Iit>rary 12,53 

■i-lmnp-  iii;i'ni'y  for 45 

^niiwtLons  ui:ide  t.. 46.47 

rrwti..n..f.  i.;.i«r  on,  l.v  .l,«,eidi  A.  Rogers H 

;rhaui^  a(^ut't  in ,, 44 
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Page. 

ShaiTkna,  vocabulary  of,  in  preparation 35 

Sherman,  Gen.  Williftm  T,.  notice  of  death  of 2, 25 

Shipping  agents,  lint  of 411 

Sia  Indiami  ciistomB  and  m;tliology,  Binily  of. 32 

t^ideroatat  employeil  by  HBtrophy steal  observatory 7 

Sienienti,  von,  Werner,  paper  on  the  geaeral  circulstiou  of  the  atmosphere..  17!) 

Kijni  language, eipunditurcs  for xxv 

Signal  Office,  exchange  relutionit  with 41 

Simplillcatioaof  BKchange  record! 45 

Sloitan  oultM,Htnily  of,  paper  on,  in  preparation 34 

Smith,  G.  v.,  paper  on  the  u«e  of  flint  Ulartm 601 

KmithH  town,  Indian  village  xiteat,  study  of 3« 

Siiiitbson  heqnest,  eondltlon  of H 

Stnitbsonian  Building,  expend! tore*  fur xxii,  xxxvi.  \xxviil 

llreproollug  of Xll 

CougreMioual  appropriation  for !i 

repair.  Congressional  approprintion  for 4 

Contributions  to  Knowledge,  report  on R.  liO 

fnnd,  condition  of xxi,  xxxvii,  xxxvut,  xxxix 

oftom  especial  gnarantiea  to  endowments 3 

Institntion,  exchange  relations  with 41 

executive  oommittee  to  report  oi) x\l,  xxxvil,  xxxix 

members,  regents,  and  officers  of IX 

niisceDaDeone  noUectiouB,  re]K>rt  on 8,60 

observatory.     See  Astro-pbysical  Obsenatory. 

Snabea  added  to  Zoological  Park S3 

Snider,  Geo.  L.,  appointed  assistant  in  Exchange  Bnresn 42 

Society  Bomana  dl  Storia  Patria,  donations  to  library  by 58 

Societies  in  correspondence  with  Exchange  Rnreau 11,  D8,  39, 40 

Society  of  Writers  to  H.  H.  8igni-t,  donations  to  lilirary  by 59 

Soldien'  Home,  exchange  relations  with 41 

Solids,  the  flow  of,  paper  by  William  Kallock 237 

South  American  re<l  deer  added  to  Zoiiloglcul  Park 52 

Australia,  exchange  agency  for 45 

governmental  ex rhanges  with 47 

trnnsmissionH  mailc  to 46,  47 

Southern  Observatory,  paper  by  A.  M.  Gierke 115 

Spain,  consul  for,  grants  free  freight 44 

exchange  agency  for 45 

govciumental  excbongPH  with 47 

transmiBsione  made  to 46,47 

Rparrowhawk  added  to  Zo;iloK'<'al  Park 52 

Spears,  J.  B.,  the  Corbin  (liiiiie  P;irk 417 

Specimens  in  National  Husoiiiii,  number  of Id 

gl>e<^tro- bolometer  employed  by  ostrnphysical  oliservatiiry 7 

Spectroscopy,  celestial,  paper  bv  William  Hu<;gins 69 

Sfinirrel  added  to  Zmllogicul  Park 52 

St.  Johns.  N'owfouudlaud,  exchange  agency  in  . .: 44 

St.  Helena,  exchange  agency  for 45 

St.  Petersburg,  Rnesia,  exchonge  agency  in 45 

Standard  sises  of  screws,  etc.,  investigations  upon 6, 7 

Slate  Department,  exohange  relations  with 41 

iustitiitionn,  repayments  on  account  of  exchaiiges -;-,-,-,-  .11,^,40 

Statement  of  governmental  exchanges '  11,4' 


StAleiuKiil  of  work  doae  by  Kxchsiige  Bareaa 10,38,39 

Stationery  iiaid  od  nccouut  <if  iuturuntioDul  fxclisngm 40 

re-paymcuU  on  aocouut  of xxii 

iided  by  loHlitutioD,  BxpcuiUtnreH  for XXii 

Statae  of  Prof.  Buird -  13 

itnbert  Dale  O  wen 13 

Stellar  diBlances,  paper  by  A.  M.  Clerkx 103 

Stereotype  platoH,  examiuatinu  of ,  U 

SteveoBon,  Mth.  Mutilila  C,  general  lielil  atuilies  of 32 

pujier  on  Sia  Iniliaun  in  preparation 36 

Stenart,  Cunaul -General  Alexander,  granbi  free  freight U 

Stockholm,  Sweden,  eicbange  agency  in 45 

Straasbnrg,  TuivBrsity  of,  sent  set  of  academic  publicfttioua 58 

HtrixpratiDCole  added  to  ZoTilugieal  Park ^ 

Struggle  for  life  in  the  forest,  by  James  Bod  way 337 

Sumatra,  donations  to  Zoological  Park  ttatn ^ 

SiiiDDiary  of  progress  in  anthropology,  by  O.  T.  Mastm 433 

Sini'H  motion  in  space,  paper  by  A.  M.C'leTke 409 

Surgeon -lien  era  I'h  office,  oxrhange  rutatiuns  with 41 

Survey,  topographical,  of  Zoological  Park 48 

Swan,  Sunnescliein  &  Vi>.,  donations  to  library  by 59 

Sweden,  exchange  agency  for 46 

gnvoni mental  exchaugcH  with 47 

trauiuiiMious  made  to 46,47 

Switzerland,  cxchaugo  agency  for 4& 

governmental  exchanges  with 47 

trans  minsions  made  to 46,47 

Sydney,  New  South  Wiile»,  exchange  agency  in 44 


TabaUr  statement  of  exchange  work 38,39 

aci'essiouH  to  Muscnm  colloctions 18 

Tamandnn  tetradoctyla  added  to  Zoological  I'iirk 52 

TumiaB  atriatuB  added  to  Zoological  Park 62 

Taamania,  cKchauge  agency  for 45 

governmental  exehaages  with 47 

IranamiHsiuns  ma<le  to 4fi,4T 

Tatnsia  noveniciuctu  aildod  to  Zordctgica)  Park 52 

Tatiidfui  americnna  added  to  Zorilogical  Park 82 

Telegraph,  rc-paymentH  on  aeroiint  of iiii 

service  of  Institntiuu,  expenditures  for xxil 

Tennessee,  ethnological  visit  t*i 33 

Textiles,  collection  of,  acccHsious  to 18 

Tliomns.  Pinf. Cyrns.  ofticr  work  of S( 

work  of 31,34 

Tidewater  regJoni  of  Maryland  oud  Virginia,  arehii-idugical  exploration  of.  21,30 

Timekeeping  among  the  (^hiucsi-,  pnper  on,  by  U.  J,  Magowau fiOT 

Tokio,  Japan,  exchange  agency  tu 4J 

illee  Ht*lion,  Arkanaaa,  mounds  near,  examination  of. 29 

ikawe,  vocabaluyof,  in  preparation 35 

'"graphical  survey  of  Zor.logical  Park 48 

iello.  ConsnMieueral  Knriqnc.  grants  free  freight 44 

t^iiic  added  lo  Zoiihigiml  Park 52 
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